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EFFECTS OF MASSAGE ON SYMPTOMS AND MARKERS OF DELAYED 
ONSET MUSCLE SORENESS
Director: Brent C. Ruby, Ph.D.
The purpose of this study was to determ ine the effects of post-exercise 
m assage on the sym ptom s nad m arkers of delayed onset m uscle soreness 
(DOMS). Eighteen untrained, healthy males (18-35 yrs) w ere random ly 
assigned to a passive recovery (PR), active recovery (AR) or m assage (MS) 
group. All subjects com pleted a maximal concentric torque test of the 
quadriceps (1-RM), im m ediately followed by 10 sets of 10 repetitions of 
eccentric leg extensions. The exercise testing was perform ed w ith  both  legs at 
54-80% 1-RM. One hour post-exercise and 24 hours post-exercsie, subjects 
participated in their assigned recovery mode. AR subjects cycled for 30 
m inutes at -50%  of their age predicted maximal heart rate. PR subjects sat 
quietly for 30 m inutes and MS subjects received a 30 m inute m assage of the 
quadriceps muscles. Blood samples, pereceived soreness and pressure point 
soreness values w ere obtained pre-exercise, post-recovery, 12, 24, 48, 72 and 96 
hours post-exercise. No significant differences (p>0.05) were found for p re­
exercise values for creatine kinase (CK), perceived sorenes or pressure poin t 
soreness betw een groups. Significant increases over tim e w ere found for all 
groups for both  perceived soreness and pressure point soreness (p<0.05). As 
indicated by the Tukey HSD post hoc test, sensation of soreness values 
significantly increased im m ediately post-recovery and 12 hours post-exercise 
for the MS group, 12-72 hours post-exercise for the AR group and 12-48 hours 
for the PR group. Unpleasantness of soreness values w ere found to be 
increased im m ediately post-recovery in the MS group, 12-96 hours in the AR 
group  and im m ediately post-recovery-48 hours post-exercise in the PR group 
from  pre-exercise values. Pressure point soreness values significantly 
increased (p<0.05) for the m ain effect for time, from pre-exercise values in 
bo th  the right and left legs. Left vastus m edialis pressure po in t soreness 
values significantly differed betw een the MS and PR groups w ith  MS 
exhibiting a higher pain  tolerance. However, no difference w as found in the 
righ t vastus m edialis for pressure point soreness. Time to peak pressure 
po in t soreness values for either the right or left legs were not different 
betw een trials. No significant differences were seen betw een groups for 
serum  CK values. It is concluded from this study  that m assage w as effective 
in relieving perceived and pressure point soreness, how ever, there w as no 
effect on serum  enzym e levels.
u
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C hapter One: In troduction  
In troduc tion :
Ind iv iduals w ho engage in sporadic physical activity or ab rup tly  increase 
in tensity  of train ing  often experience m uscle soreness for u p  to 96 hours p o st­
exercise. This soreness, referred to as delayed onset m uscle soreness (DOMS), 
can interfere w ith  the perform ance of activities of daily  living for the 
un tra ined  as w ell as interfere in a train ing program .
' I I -  -
DOMS is usually  evident 8-24 hours post-exercise and  peaks betw een 24 and  
72 hours (Ebbeling and Clarkson, 1989; Kuipers, 1994). U naccustom ed or 
in tense exercise, particu larly  involving eccentric m uscle action, com m only 
results in  DOMS (Arm strong, 1990; N ew ham  et al., 1983). Eccentric exercise, 
because of h igh  force p roduction  in the active m uscle fibers, evokes the m ost 
m uscle fiber injury (Arm strong, 1990; Ebbeling and C larkson, 1989), release of 
m uscle specific enzym es into the blood (Apple and Rhodes, 1988), and  DOMS 
(Evans and  Cannon, 1991; Ebbeling and C larkson, 1989; A rm strong, 1990).
The pathophysiological m echanism  of DOMS is no t clearly u nderstood  b u t it 
has been hypothesized  tha t DOMS is associated w ith  inflam m ation (Friden et 
al., 1986; Smith, 1991; Ebbeling and Clarkson, 1989). If an  in tervention  w ere 
able to d im in ish  the effects of the inflam m atory process it could affect the 
deve lopm ent of soreness.
A num ber of strategies have been em ployed in an  a ttem pt to reduce DOMS. 
H ow ever, treatm ents such as anti-inflam m atory d rugs (Donnelly et al., 1988), 
ice treatm ents (Yackzan et al., 1984) and  m icrocurrent electrical stim ulation  
(W eber, Servedio and  W oodall, 1994) have no t p roven  successful in  reducing  
the sym ptom s of DOMS.
M assage therapy  has been w idely recom m ended as an  aid to enhcmce recovery 
from  unaccustom ed or pro longed exercise (Tappan, 1988; G oats, 1994;
M eagher, 1990; Benjamin and Lamp, 1996). M assage therapy, w hich is defined 
by the A m erican M assage Therapy Association (AMTA, 1997) as 'a m anual 
soft tissue m anipu lation  and includes holding, causing m ovem ent a n d /o r  
apply ing  p ressure to the body ', is probably the m ost ancient treatm ent of the 
hum an  body. M assage therapy dates back to about 2000 BC w here the earliest 
docum entation  is believed to be found in  The Yellow E m peror's Classic of 
In ternal M edicine (Juhan, 1987).
D uring  the M iddle Ages m uch of ancient m edicine w as forgotten and  it w as 
no t un til the sixteenth century  w hen interest in m assage therapy  w as 
renew ed ( Tappan, 1988; Goats, 1994). Per H enrik  Ling, considered to be the 
founder of m odern  classical m assage techniques, established in  1813 The 
C entral Royal Institu te  of G ym nastics in Stockholm  (Tappan, 1988; Juhan, 
1987). A t this Institu te he practiced and  taugh t his m ethod of m assage, w hich
spread  th roughou t Europe and America and is referred to today  as Sw edish 
m assage (Tappan, 1988; M eagher, 1990; Goats, 1994).
Five elem ental techniques are used  in Sw edish massage: effleurage (stroking), 
petrissage (kneading), friction, tapotem ent (percussion) and  vibration. Each 
technique has a specific purpose and can be utilized in d ifferent m assage 
techniques (Benjamin and  Lam p, 1996; Tappan, 1988).
In the tw entieth  century  there has been an  increase in the num ber of m assage 
techniques and  practitioners (Juhan, 1987; Goats, 1994) b u t the use of m assage 
therapy  d im in ished  in Am erica (Juhan 1987; Benjamin and  Lam p, 1996; 
Tappan, 1988). Recently, how ever, there has been a resurgence in the use of 
m assage due in p art to a trend  tow ard health  care w ith  a holistic approach, b u t 
also because of it's  h igh  visibility at international sports events (Tappan, 1988; 
Benjamin and Lam p, 1996). Sports m assage has gained popu la rity  am ong 
am ateur as well as professional com petitors (Samples, 1987).
V arious form s of m anual m assage are advocated as a m eans of reducing  
exercise-induced m uscle strength  loss, enhancing recovery rate and  reducing  
m uscle soreness (Benjamin and  Lam p, 1996; M eagher, 1990). H ow ever, the 
scientific literature does no t tend to substantiate these claim s (W eber et al., 
1994; T iidus, 1997; Bale and James, 1991; Cafarelli and  Flint, 1992).
The results of the effects of m assage on the sym ptom s of DOMS are variable. 
Sm ith e t al. (1994) and Tiidus and Shoem aker (1997) have found a reduction  
in sym ptom s of DOMS following a m assage treatm ent w hile W eber et al. 
(1994) and  Lightfoot et al. (1997) found no difference. M ore research is called 
for in this area before conclusions can be reached.
Problem :
The pu rpose  of this s tudy  is to determ ine the effects of post-exercise m assage 
on the sym ptom s and m arkers of delayed onset m uscle soreness (DOMS).
This s tu d y  w ill exam ine creatine kinase (CK) levels in  the blood and 
perceived  soreness levels and  com pare them  betw een an  active recovery (AR) 
bout, a passive recovery (PR) bout and a m assage (MS) follow ing a bou t of 
eccentric exercise. The data collected will aid in determ ining  the potential 
benefits of m assage as a post-exercise recovery m echanism . The data  collected 
m ay also enhance our understand ing  of the DOMS process.
Research H ypotheses:
Hypothesis One
There w ill be no significant difference in average sensation of soreness 
betw een  the AR, PR and MS groups from  im m ediately post-exercise to 96 
hours follow ing the exercise bout.
Hypothesis Two
There will be no significant difference in time to peak sensation of soreness
between the AR, PR and MS groups from immediately post-exercise to 96
hours following the exercise bout.
Hypothesis Three
There w ill be no significant difference in average unpleasantness of soreness 
betw een the AR, PR and  MS groups from im m ediately post-exercise to 96 
hours follow ing the exercise bout.
Hypothesis Four
There w ill be no significant difference in tim e to peak  unp leasan tness of 
soreness betw een the AR, PR and MS groups from  im m ediately  post-exercise 
to 96 ho u rs follow ing the exercise bout.
Hypothesis Five
There w ill be no significant difference in  tim e to peak  p ressu re  po in t soreness 
betw een  the AR, PR and  MS groups or betw een legs from  im m ediately  post­
exercise to 96 hours following the exercise bout.
Hypothesis Six
There will be no significant difference over time, between groups or between
legs of pressure point soreness immediately post-exercise to 96 hours
following the exercise bout.
Justification:
There has been little evidence to suppo rt any conclusion th a t m assage will 
have any effect on DOMS. T iidus (1997) stated in a review  article on m anual 
m assage and  recovery 'The effects of m assage on  m uscle soreness (12-48 hours 
post dam age) have been reported by  only a few studies, w ith  no conclusive 
results '. Sm ith et al. (1994) and Tiidus and Shoem aker (1995) found a 
significant difference in soreness levels follow ing a m assage treatm ent. 
Lightfoot et al. (1997), W eber et al. (1994) and Bale and  Jam es (1991) found no 
difference in soreness levels following a m assage treatm ent.
Hypothesis Seven
There w ill be no significant difference in serum  CK levels over tim e or 
betw een  the AR, PR and MS groups from  im m ediately post-exercise to 96 
hours follow ing the exercise bout.
Hypothesis Eight
There will be no significant difference in time to peak serum CK levels
between the AR, PR and MS groups from immediately post-exercise to 96
hours following the exercise bout.
Justification:
There have been only tw o published  studies investigating the effects of 
m assage on CK levels (Smith et aL; 1994; Lightfoot et al., 1997) Sm ith et al. 
(1994) conducted  a study  using 14 untrained males w ho perform ed 5 sets of 
isokinetic eccentric action of the elbow flexors. M assage w as show n to 
significantly reduce serum  CK levels. Lightfoot et al. (1997) investigated  the 
effects of m assage com pared w ith  passive recovery or stretching follow ing a 
b o u t of extended leg, loaded heel-drop exercises on a group of 31 norm ally  
active college-aged subjects. All subjects show ed an increase in CK values, 
how ever, there w as no significant difference am ong CK values follow ing a 
passive recovery, a stretch or a massage. These have been the only tw o 
pub lished  studies to exam ine serum  CK levels follow ing a m assage 
trea tm en t.
Significance of the Study:
V ery little research has been conducted investigating the effects of a m assage 
trea tm en t on  the sym ptom s of DOMS. O nly tw o pub lished  stud ies have 
exam ined the effects of m assage on DOMS and  serum  CK levels w ith  vary ing
results (Smith et al., 1994; Lightfoot et aL, 1997). This s tu d y  w ill investigate 
the effects of two m assage treatm ents on DOMS and serum  CK levels 
follow ing an eccentric exercise bout.
The m assage treatm ents have varied in tim e from  8-30 m inutes (W eber et al., 
1994; Lightfoot et aL, 1997; Bale and James, 1991; Sm ith et aL, 1994; T iidus and 
Shoem aker, 1995). This s tudy  w ill investigate the effects of a 30-m inute 
m assage trea tm ent on  the sym ptom s of DOMS and  serum  CK levels.
The effects of m assage will be com pared to the effects of tw o active recovery 
bouts and tw o passive recovery bouts. The m assage treatm ent, the passive 
recovery bou t or the active recovery bou t w ill be perform ed one ho u r post­
exercise and  again 24 hours post-exercise. M ost of the research has exam ined 
effects of m assage im m ediately post-exercise (W eber et aL, 1994; Lightfoot et 
aL, 1997; Bale and James, 1991). D ubrovskii (1983) and Paikov (1982) suggest 
restorative m assage after great physical loads should  be perform ed one to tw o 
hours post-exercise for the m ost benefits. There has been only one pub lished  
stu d y  tha t has investigated the effects of m assage adm inistered  tw o hours 
post-exercise (Smith et aL, 1994) and none exam ining m assage adm inistered  
one h o u r post exercise.
O nly tw o published  studies have exam ined the effects of a second m assage 
trea tm en t adm inistered  24 hours post-exercise (Tiidus and Shoem aker, 1995;
Lightfoot et aL, 1997). Krilov et al. (1976) suggest m assage be adm inistered  1-5 
hours post-exercise and again 24 hours post-exercise for the m ost benefits.
R ationale o f the  Study:
Tiidus (1997) states tha t the few studies investigating effects of m assage on 
m uscle soreness have show n no conclusive results. H ow ever, Sm ith et al. 
(1994) have show n decreased soreness levels along w ith  a decrease in serum  
CK levels w hile Lightfoot et al. (1997) have show n no difference w ith  a 
m assage treatm ent. Because of the discrepancy betw een the few studies tha t 
have been  conducted in this area it is recom m ended tha t this area of research 
be fu rther p u rsu ed  (Smith et al., 1994).
L im ita tions:
i/n o n -ran d o m ized  sam ple. The subjects used in this s tudy  w ere no t 
random ly  selected; they w ere selected on the basis of their nonw eigh t -trained  
sta tus and  their lack of know ledge of m assage therapy.
ii/in s tru m en ta tio n . There is an  inherent m argin  of error associated w ith  the 
use of all equipm ent. This w ill be m inim ized by using trained  testers and 
calibrated equipm ent.
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iii/c rea tin e  kinase. Creatine kinase (CK) levels vary  greatly betw een 
individuals. H ow ever, CK values are com m only accepted as a m arker of 
exercise-induced m uscle dam age.
D elim ita tion  s:
i / ty p e  of subjects. Since the results of this s tudy  m ay have im plications for 
recovery from  sporadic physical activity, indiv iduals w ho do  no t exercise on a 
regular basis w ere used for this study. All subjects w ere no t currently  
involved  w ith  resistance training.
ii/m a le s  only. V olunteer male subjects used in this s tudy  represen t the 
average recreational athlete. The use of male subjects is a m ore sim ple 
m easure, as ovulatory  and other gender specific issues need no t be addressed . 
The use of m ale subjects should  no t lim it the goals or purpose of this study.
iii/specific  in tensity  levels. This investigation stud ied  only one level of 
exercise intensity. This intensity represents a level at w hich  m uscle dam age 
occurs.
iv /a g e  of subjects. For testing purposes, only 18-35 year old subjects w ere 
selected for this study. A ging has been show n to influence CK levels in  the 
b lood  after exercise. Therefore, the use of 18-35 year old subjects elim inates 
po ten tia l confounding effects of aging.
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v /specific  m assage protocol. For testing purposes, a specific m assage protocol 
w as perform ed by a certified m assage therapist. All subjects received the sam e 
protocol adm inistered by the sam e therapist.
D efin ition  o f Term s:
Delayed onset muscle soreness: the sensation of discom fort or p a in  in the 
skeletal m uscles th a t occurs follow ing unaccustom ed m uscu lar exertion.
Massage therapy: a m anual soft tissue m anipu la tion  and  includes hold ing , 
causing m ovem ent a n d /o r  applying pressure to the body.
Effleurage: any stroke tha t glides over the skin w ithou t a ttem pting  to m ove 
the deep m uscle m asses. The hand  is m olded to the part, strok ing  w ith  firm  
and even pressure, usually  upw ard .
Petrissage; consists of kneading  m anipulations tha t p ress and  roll the m uscles 
u n d er the hands.
Tapotement: any  series of brisk blow s, follow ing each o ther in a rap id  
a lternating  fashion. Included u nder this head ing  are hacking, cupping , 
slapping , beating, tapp ing  cind pincem ent.
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Vibration: a fine trem ulous m ovem ent, m ade by the h an d  or fingers placed 
firm ly against a part, will cause the p art to vibrate.
Friction: consists of rubbing in circular m ovem ents w ith  the tips of the 
fingers, the thum b or the heel of the hand . This w ill cause pene tra tion  into 
the d ep th  of the tissue, no t by m oving the fingers on the skin, b u t by m oving 
the tissues u n d er the skin.
Creatine kinase: a key enzym e in the PCr—Cr + Pi transform ation. CK is a 
large m olecule tha t cannot en ter into the b lood stream  directly. W ith injury, 
CK enters into the general blood circulation.
Eccentric muscle action: occurs w hen  external resistance exceeds m uscle force 
and  the m uscle lengthens w hile developing tension.
C hapter Two: Review  of L iterature
It has been well docum ented tha t unaccustom ed or intense exercise, 
particu larly  involving eccentric exercise, results in m uscle fiber injury  and  
DOMS (A rm strong, 1990; N ew ham  et al., 1983; Ebbeling and  C larkson, 1989; 
Evans and  C annon, 1991; Stauber, 1989).
F riden et al. (1984) had  subjects (male PE students) perform  an  eccentric 
cycling protocol after w hich m uscle biopsies w ere exam ined from  the right 
vastus lateralis. As show n in Table 2.1, subjects experienced severe post­
exercise soreness of their th igh muscles, as w ell as z-disc stream ing, 
b roadening  and  z-disc disruptions. It w as concluded tha t eccentric exercise 
causes m echanical d isturbance because of the h igh  dam aging tensions 
developed  du rin g  the contractions.
N ew ham  e t al. (1983) exam ined the effects of a step test on four un tra ined  
subjects, w here one leg underw en t concentric contractions and  one eccentric 
contractions. Biopsies w ere taken and  no m orphological abnorm alities w ere 
seen in  any of the sam ples from the concentrically exercised leg.
A bnorm alities such as sarcom ere d isrup tion  w ith  z-band stream ing  w ere seen 
only in  sam ples from  the eccentrically exercised leg. Post-exercise pain  and 
tenderness also developed only in the eccentrically contracted m uscles. Also,
13
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changes in  force generation w ere greater in  eccentrically contracted m uscles, 
thus strength  w as decreased due to dam age.
Schw anne e t al. (1982) com pared level and  dow nhill treadm ill run n in g  in 
un tra in ed  subjects and found that following the dow nhill run , w hich consists 
of p redom inan tly  eccentric contractions, significant delayed onset m uscle 
soreness as w ell as increased levels of plasm a creatine kinase w ere presen t 
(Table 2.1). In contrast, no differences w ere seen following the level run , a 
p redom inan tly  concentric exercise.
F riden et al. (1986) com pared eccentric and concentric exercise of the anterior 
com partm ent of the leg (8 physically active males) (Table 2.1). Subjects 
reported  soreness and  stiffness only in the eccentrically exercised leg. Also, 
significcint increases in tissue fluid pressure w ere seen in the eccentrically 
contracted m uscles. M ost of the soreness w as seen at the m usculo tendinous 
junction, w ith  the origin and insertion sites being the tenderest sites upon  
palpation .
Follow ing the initial injury of the m uscles, m echanical d isrup tion , know n as 
the acute phase response, occurs (Evans and Cannon, 1991). The acute phase 
response involves d isrup tion  of the sarcolem m a, z-band stream ing  and  A- 
b an d  d isrup tion  (Friden et al, 1986; Ebbeling and  Clarkson, 1989; Stauber, 1989; 
Evans and  C annon, 1991 ;W aterm an-Storer, 1991). O bservations have also
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show n d isrup tion  of in term ediate filam ents w hich  are believed to be 
responsible for m aintaining registry of sarcom eric un its  (W aterm an-Storer, 
1991). These interm ediate filam ents are com posed prim arily  of the p ro te in  
desm in  and  m ay have a m echanical role in  lim iting the extrem e length  
changes of sarcom eres (W aterm an-Storer, 1991). W ithin the A -band, the 
p ro te in  titin  has been observed for its elastic behavior and its ability to "snap 
back" u n d er tension (W aterm an-Storer, 1991). A ntigenic sites for titin  have 
been identified in the A -band, gap  region, I-band and  at the z-disc (W aterm an- 
Storer, 1991). Follow ing m echanical d isrup tion  of the fiber, titin  filam ents are 
b roken  or degraded  resulting in A -band d isrup tion  and  d isrup tion  of the 
sarcolem m a (W aterm an-Storer, 1991). The sarcolem m a serves as a barrier for 
m aintenance of concentration and electrical gradients betw een  the extra and  
in tra-cellular spaces, and  w hen d isrup tion  occurs, Ca^^ hom eostasis results 
(A rm strong et al., 1991). Further m em brane degeneration  occurs over the 
next several days and  an  influx of protein-associated ions into the m uscle 
results in  an elevation of in tra-m uscular pressure and sw elling (Friden et al., 
1986).
M any therapeutic strategies have been investigated as a m eans of reducing  
these effects (Donnelly et al., 1988; Yackzan et al., 1984; W eber et al., 1994). 
M assage therapy  has been investigated w ith  m ost of the research focusing on 
m uscle b lood flow and  lim ited investigations on  the effects on  DOMS.
Table 2.1 Eccentric Exercise and Muscle Damage
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References: Age Sex n Status Treatm ent Comments:
Friden et al., 1984 23+3 Maie Active Eccentric cycle ergometer z-disc streaming, 
broadening and 
disruption 
Î  Soreness levels
Schwanne et al., 1983 20+1 Maie 7 Active Downhill running vs. 
level running
Î  Soreness and creatine 
kinase following the 
downhill run.
Newham et al., 1983 28 3 Maie 
1 Female
4 Untrained Step test; one leg 
performing eccentric 
contractions, one 
performing concentric 
contractions.
Sarcomere disruption, 
z-band streaming,
Î  Soreness levels in 
eccentrically contracted 
leg.
Friden et al., 1986 26.111.3 Male 8 Active Eccentric and concentric 
anterior leg exercise.
Î  Fluid pressure,
Î  Soreness and stiffness 
in eccentrically 
exercised leg.
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M assage an d  M uscle Blood Flow  •
It has been surm ised tha t m assage m ay enhance m uscle blood flow  (Goats, 
1994; Cafarelli and Flint, 1992; Dubrovskii, 1983), decreasing sw elling and  
enhancing  the recovery process th rough  an increase in oxygen delivery  to the 
tissues (Cafarelli and  Flint, 1992) and an increased rem oval of blood-borne 
substances (Oj COj, horm ones, glucose, CK) (Cafarelli and Flint, 1992).
There is an  extrem e variability of the data relating to an  increased blood flow 
due to m assage. D ubrovskii (1983) researched (n=28 athletes) the m echanism  
of action of m assage on the local ventilation of the lungs, the 
m icrocirculation, the circulating blood volum e and  the venous pressure. 
M assage caused a significant increases in lung ventilation and a m ore 
uniform  blood supp ly  for all lung regions. M assage also decreased venous 
p ressure  suggesting an  accelerated venous blood circulation and  a significant 
(p<0.001) increase in circulating blood volum e.
B uryovykh et al. (1976) investigated the effects of different m assage 
techniques on m uscular b lood flow using  an occlusion p lethysm ograph . 
Three m assage techniques w ere com pared, w ith  a m arked increase in b lood  
flow  follow ing all three treatm ents. Following the first tw o protocols, 
m assage resu lted  in a significant increase in b lood flow during  the first 
m inu te , m oreover, this w as m aintained  for -20  m inu tes w ith  a g rad u al 
decrease thereafter. Following the th ird  protocol, the blood flow  w as not
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significantly increased and had  re tu rned  to the starting  levels as early  as the 
10th or 11th m inute. Buryovykh et al. (1976) attribu te the increased blood 
flow to dilated  lum en of the sm all arterial vessels resulting  from  'p o st­
m assage hyperem ia '. W hen m assage is applied  to the limb, the m anual 
p ressu re  increases arterio lar pressure as w ell as em pties the veins, resulting 
in  a slight negative pressure in the veins w hich tends to d raw  blood th rough  
the capillaries.
H ovind  and N ielson (1974) dem onstrated  a m ain effect of m assage on m uscle 
blood flow (Table 2.2). N ine volunteers (22-32 years of age) received different 
m assage strokes on  forearm  and th igh m uscles w ith  blood flow being 
m easured  using  ^^^xenon. There w ere slight increases in m uscle blood flow 
w ith  an  increase follow ing tapotem ent sim ilar to post-isom etric m uscle 
contraction increases. H yperem ia after tapotem ent rose 35% (p<0.01), and
lasted approxim ately 10 m inutes (arm 11.3 ± 3.4; th igh 10.2±3.7), after w hich
blood flow retu rned  to the control level. M echanical em pty ing  d u rin g  the 
trea tm ent follow ed by refilling of the vascular bed is suggested as an  
explanation  for the results observed.
Shoem aker et al. (1997) also exam ined effects of a m assage on m uscle b lood 
flow  in different m uscle groups (n=10 healthy  volunteers). U sing D oppler 
u ltrasound , they  found th a t m anual m assage d id  no t elevate to tal m uscle 
b lood  flow regardless of m assage technique or m uscle m ass. At rest, m uscle
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blood volum e (MBV) in  the brachial artery w as 4.76+0.5, 5.77+0.4 and  5.34±0.2 
cm*s'^ p rio r to the effleurage, petrissage and  tapotem ent treatm ents
respectively. MBV at the 5, 10 and  20s and 5-m inute tim e poin ts w as variable 
b u t no t d ifferent from  rest values following any of the m assage treatm ents
(p>0.05). MBV values in the quadriceps at rest w ere 9.73+0.7, 9.38±1.0 and
9.73+0.7 cm*s^ p rior to the effleurage, petrissage and tapotem ent treatm ents
respectively. Follow ing the m assage treatm ents, MBV w as no t different from  
resting values (p>0.05).
T iidus and  Shoem aker (1995) m easured m uscle blood flow follow ing 
eccentric exercise and  m assage on one random ly selected leg. W ith the use of 
pu lsed  D oppler m easurem ents, results indicated tha t m assage does not 
enhance fem oral artery  m ean blood flow w hile very light exercise does (Table 
2.2). M ean blood velocity (MBV) w as not significantly different (p>0.05) at any 
tim e po in t for the m assage group. In contrast, light knee extension exercise 
resu lted  in significantly h igher (p<0.01) MBV than  seen du rin g  rest or 
m assage on  bo th  day  one or four.
It is difficult to establish a conclusion regarding the effect of m assage on 
m uscle b lood flow. Variability of m assage du ration  and  techniques along 
w ith  variability  of m easurem ent techniques confound any conclusions th a t 
could be m ade.
Table 2.2 Massage and Muscle Blood Flow
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References: Age Sex n Status Treatm ent Comments:
Dubrovskii, 1983 28 Trained Massage of the back, 
legs and thorax
T lung ventilation 
Î  circulating blood 
volume
i  venous pressure
Buryovykh et al., 
1976
19-24 12 Athletes Varied massage 
strokes
Î  blood flow
Hovind and Nielson, 
1974
22-32 Male and 
Female
9 Untrained Varied massage 
strokes
Î  blood flow
Shoemaker et al., 
1997
35.8±3.4 7 male 
3 female
10 Untrained Varied massage 
strokes
No differences
Tiidus and 
Shoemaker, 1995
20-22 4 male
5 female
9 Untrained Strength testing 
followed by a 10- 
minute massage on a 
randomly selected leg, 
repeated on days 2-4.
No differences
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M assage and  D elayed O nset M uscle Soreness
The pathophysiological m echanism  of DOMS is not clearly understood , b u t it 
has been postu lated  that DOMS is associated w ith  inflam m ation (Friden et al., 
1986; Ebbeling and  Clarkson, 1989; Smith, 1991).
M uscle soreness sensation is transm itted  to the spinal cord via group III and 
IV free nerve endings (Arm strong, 1984; Smith, 1991). G roup IV fibers carry 
du ll diffuse pain  and  are sensitive to a variety  of stim uli including  chemical, 
m echanical and  therm al (Arm strong, 1984). Elevated pressure and 
m echanical d isto rtion  of the tissue w hich accom panies edem a or elevated 
tem peratu res associated w ith  the inflam m atory process could affect these 
nerve endings (A rm strong, 1984).
If m assage w ere able to dim inish the effects of the inflam m atory process, it 
m ay alter the onset or developm ent of soreness. Smith et al. (1994) 
hypothesized  tha t m assage w ould  have an affect on neu troph il accum ulation, 
an  indicator of the onset of the inflam m atory process. H ow ever, the results 
w ere inconclusive and no other published study  has researched this area.
Sm ith et al. (1994) stud ied  effects of eccentric exercise of the forearm  flexors on 
14 un tra ined  m ales. Seven subjects received a m assage tw o hours post­
exercise w hile the other seven served as a control group. A significant 
difference (p=0.0477) betw een soreness values for the m assage and  control
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groups w as reported  w ith the m assage group exhibiting reduced  soreness.
This response m ay be attributed to the "gating" m echanism  in w hich tactile 
stim ulation  serves to inhibit pain  transm ission because of the elevated  
activity in o ther m uscle afferents (A rm strong, 1984).
Bale and  James (1991) investigated the effects of a treadm ill run  on nine m ale 
athletes. All subjects participated in three different trials w ith  either a passive 
rest, a  m assage or an  active recovery, each lasting 17 m inutes, follow ing the 
exercise. N o significant differences w ere found for m uscle stiffness values 
betw een 12 and  24 hours betw een the groups, how ever the values after 12 
hours w ere significantly (p<0.03) low er in the m assage condition com pared to 
the active recovery.
T iidus and  Shoem aker (1995) found a sm all b u t significant tendency for 
m assage to reduce DOMS after 48 hours post-exercise (Table 2.3). A ten- 
m inute m assage w as perform ed post-exercise on one random ly  selected leg of 
each subject and again 24, 48 and 72 hours post-exercise w ith  the unm assaged 
leg serving as the control.
L ightfoot et al. (1997) also exam ined m assage im m ediately post-exercise and 
again  24 hours post-exercise w ith  the right leg serving as an  in ternal control. 
A ten  m inute petrissage m assage w as adm inistered  to the left calf of each 
subject in  the m assage group, w hile a control group had  no trea tm ent and  a
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stretching group perform ed light quadriceps and ham string  stretches p rio r to 
the eccentric exercise bout. N o differences in soreness levels am ong 
treatm ents w ere found at any time after the exercise bout.
W eber et al. (1994) exam ined the effects of m assage, m icrocurrent electrical 
stim ulation, passive recovery and u pper body ergom etry on DOMS. The 
m assage trea tm ent w as adm inistered for 8 m inutes on the exercised forearm  
flexors. The results indicated there w as not a significant difference am ong the 
trea tm ent groups at any given time for the reduction of DOMS (Table 2.3)..
Table 2.3 Massage and Muscle Damage
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References: Age Sex n Status Treatm ent Comments:
Smith et al., 1994 19.5+0.7 Maie 14 Untrained 30 minute massage, two 
hours post-exercise
i  Soreness 
i  Creatine Kinase 
T Neutrophil levels
Baie and James, 
1991
20.5±1.9 Maie 9 Athletes 17 minute passive rest, 
active recovery or 
massage
i  Soreness at 12 hours; 
massage vs. active 
recovery
Tüdus and 
Shoemaker, 1995
20-22 5 Female 
4 Male
9 Untrained Strength testing of both 
legs followed by a 10- 
minute massage on 
randomly selected leg; 
repeated on days 2-4.
i  Soreness at 48 hours post­
exercise in the massaged 
leg
Lightfoot et al., 
1997
25.2+5.9 19 Female 
12 Male
31 Untrained No treatment, light 
stretching, or 10 minute 
petrissage massage on 
the left calf 
immediately and 24 
hours post-exercise
No differences in soreness 
or creatine kinase levels.
Weber et al., 1994 18-35 Female 40 Untrained 8 minute massage 
8 minutes MENS 
8 minutes UBE 
8 minute passive 
recovery
No differences found 
between groups for soreness 
levels.
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C reatine  K inase
As a resu lt of m em brane degeneration during  the acute phase response, 
m uscle CK is released into the circulation (Evans and  C annon, 1989; Stauber, 
1989). Serum  CK activity is com m only used as a m arker of m uscle dam age 
because of its appearance following muscle dam age (Hortobagyi and  D enahan, 
1989). M any variables m ay affect CK release such as gender, age, train ing 
status and  type of exercise perform ed (Hortobagyi and D enahan, 1989).
For exam ple, aging has been associated w ith  increased m uscle dam age to 
eccentric exercise. H ow ever, plasm a CK response w as not affected by age 
(M anfredi et al., 1990). M anfredi et al. (1990) exam ined plasm a CK activity in 
young  (20-30) and  older (59-63) men. Following an eccentric exercise bout, 
m uscle b iopsies revealed significantly greater dam age in older m en w hile CK 
levels varied  only slightly betw een the groups.
T rained subjects dem onstrate low er CK response com pared to un tra ined  
subjects, w ith  sim ilar soreness levels. Vincent and  V incent (1997) observed 
sim ilar soreness levels in trained  and  un tra ined  subjects after a strenuous 
exercise bou t w ith  significantly higher CK levels in the untrained.
F riden e t al. (1989) exam ined serum  CK levels (8 males) follow ing separate 
bou ts of repetitive concentric, eccentric and isom etric contractions of the 
low er leg anterior com partm ents. Serum  CK w as elevated exclusively after
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the eccentric exercise regimen. Sarcolem m al degeneration  follow ing 
m echanical dam age caused by eccentric exercise is suggested as the 
m echanism  for release of CK into the circulation.
N osaka and  C larkson (1992) investigated effects of am ount of m uscle m ass 
dam aged  on serum  CK levels. Tw enty-tw o non-w eight trained fem ales w ere 
placed into tw o groups (Group A and G roup B). Both groups perform ed 24 
m axim al eccentric contractions of the forearm  flexors w ith  either the right or 
left arm . G roup  A then  perform ed 24 m axim al eccentric contractions to 
induce m uscle dam age in a greater m uscle mass. All of the m uscle dam age 
indicators changed significantly over tim e (p<0.01) for bo th  groups, how ever, 
no differences w ere seen betw een groups. It w as hypothesized tha t group A 
w ould  have a significantly higher level of plasm a CK because of the larger 
am oun t of m uscle dam age. H igh intersubject variability in p lasm a CK levels 
m ay be the reason for the above results.
D espite the w ide range of studies involving CK, understand ing  is still obscure 
concerning m uscle dam age and its relation to CK response. H ow ever, large 
increases in CK and  ease of m easurem ent in the blood have m ade it a useful 
tool in the study  of m uscle dam age. Even though  CK response is highly 
variable, because of its sensitivity of response and  ease of determ ination  it 
has been accepted as the best m arker of m uscle dam age.
Table 2.4 Creatine Kinase
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References: Age Sex n Status Treatment Comments:
Manfredi et a l, 1990 20-30
59-63
Male 5
5
Untrained Eccentric cycling protocol Significantly greater 
muscle damage in older 
group with similar CK 
levels.
Vincent and Vincent, 
1997
10
10
Trained
Untrained
Strenuous exercise bout Similar soreness levels 
Î  CK levels in untrained.
Friden et a l, 1989 Male 8 Active Separate bouts of 
repetitive concentric, 
eccentric and isometric 
contractions of the lower 
anterior leg.
Î  serum CK exclusively 
after the eccentric 
exercise regimen.
Nosaka and Clarkson, 
1992
Female 22 Untrained Eccentric forearm 
contractions with group 
A performing a second 
bout.
No differences in CK 
levels despite an Î  in 
amount of muscle 
damaged.
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M assage an d  C reatine K inase
Very few m assage studies have exam ined an affect on serum  CK activity. 
Sm ith e t al. (1994) found significantly low er levels of CK follow ing a m assage 
vs. a passive recovery, w hile Lightfoot et al. (1997) found no  difference in CK 
levels betw een m assage and  passive recovery groups.
T reatm ent tim e w as 30 m inutes and 10 m inutes, respectively, for the studies. 
Sm ith et al. (1994) adm inistered m assage tw o hours post-exercise, w hile 
Lightfoot et al. (1997) adm inistered m assage im m ediately post-exercise and 
again 24 hours post-exercise.
If m assage increased circulation, decreased serum  CK levels w ould  be an 
expected resu lt due to increase rates of rem oval. H ow ever, lim ited and 
variable results do no t provide sufficient data from  w hich conclusions can be 
d raw n  in relation to m assage and CK responses.
As a m eans of exam ining the effects of different recovery m odes, eccentric 
exercise has been established as the best m ethod for inducing  m uscle dam age, 
the release of m uscle specific enzym es (CK) and DOMS (Friden et al., 1984; 
N ew ham  et al., 1983; Schwanne et al., 1982; Friden et al., 1986). M assage 
therapy  has been investigated as a potential treatm ent for reducing these 
effects. S tudies have exam ined the effects of m assage on  m uscle b lood flow, 
soreness and  CK (Dubrovskii, 1983; Buryovykh et al., 1976; Shoem aker et al..
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1997; Sm ith et al., 1994; Baie and James, 1991; Lightfoot et al., 1997). Variability 
of m assage duration , m assage strokes and m easurem ent techniques 
contribute to inconsistency of previous research m ethods. The lim ited and  
variable results, at this tim e, do not p rovide sufficient data  from  w hich 
conclusions can be d raw n  regarding the effectiveness of m assage as a recovery 
aid.
C hapter Three; M ethodology
Setting
All physiological testing w as conducted in the U niversity on M ontana's 
M otor Control Laboratory, D epartm ent of Physical Therapy, McGill #107 or in 
the H um an  Perform ance Laboratory, D epartm ent of H ealth  and H um an  
Perform ance, McGill H all #121.
Subjects
A group  of 18 un tra ined  m ales served as subjects for this investigation. The
sam ple com prised of college-aged (23.1±4.2) m ales not involved in a
resistance train ing  program . Subjects w ere random ly assigned to either an 
active recovery (AR) group, a m assage (MS) group or a passive recovery (PR) 
group. All subjects volunteered participation in this s tudy  and com pleted a 
U niversity  of M ontana IRB-approved inform ed consent form  p rio r to data  
collection.
D escriptive D ata
Data w as collected to determ ine each subject's height, w eight, and age, 
train ing  habits and m assage exposure. H eight (cm) w as m easured  using  a 
conventional stadiom eter and  w eight (kg) w as m easured  w ith  a calibrated, 
d igital scale (Toledo M odel 8139, W orthington, OH). A questionnaire w as
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used  to determ ine p rior and  current training habits and  a p rio r m assage 
exposure.
Exercise Testing
All m uscle testing w as perform ed using  the Kinetic C om m unicator (Chattecx 
C orp. C hattanooga, TN), a hydraulically  driven, com puter controlled 
dynam om eter. W ith this m achine the velocity of the lever arm  attached to 
the subjects leg is  accurately controlled (Farrell and  Richards, 1986) in either 
the concentric m ode, w here the subject pushes the lever arm  at a preset 
velocity as strongly  as possible, or eccentric m ode in  w hich the m otor ro tates 
the lever arm  and  the ind iv idual resists the load.
M axim al Concentric T orque Test
Each subject partic ipated  in a pre-exercise session to determ ine each subjects 
m axim al concentric to rque (Nm) du ring  an isokinetic m ovem ent at a slow
speed of 30°/seco n d  th rough  a range of 80°. Subjects perform ed three
m axim al concentric quadriceps fem oris contractions w ith  a 25-s rest betw een 
each contraction to determ ine m axim al concentric pow er (1-RM).
Eccentric Exercise Test
Each subject perform ed an  eccentric exercise b o u t follow ing the establishm ent 
of m axim al effort. Two sets of 10 repetitions at a subm axim al effort served  as 
a w arm -up . The eccentric exercise bout consisted of 10 sets of 10 repetitions.
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single leg, w ith  eccentric force equal to -54-80% of m axim al concentric pow er 
(1-RM). Subjects rested for 20 seconds betw een each set, w ith  a 10 m inute rest 
period  betw een legs. Each subject perform ed the exercise test on the right leg 
first, follow ed by the left leg. Subjects w ere verbally encouraged to resist the
eccentric m ovem ent of the lever arm  m axim ally th rough  the 80® range of
m otion. C ontinuous visual feedback of their force w as p rov ided  from  the 
com puter screen to encourage m axim al vo lun tary  effort. Subjects w ere 
instructed  to refrain from exercise, m assage, taking any type of d rugs or using 
analgesics, ice or heat therapy  during  the entire post-exercise testing period. 
T ab le 3.1 Tim eline (hours post-exercise)
.voVL ♦ V vaVVo. 7 VO vaV VC"1 1 J
iV voV
Ex(srcise 1 12 24^ 48 72r 96Pre
Exercise Bout
D- Soreness questionnaire 
♦- Recovery mode 
V- Pressure point soreness 
V-Blood draw
A ctive Recovery
Subjects random ly  assigned to the AR group perform ed a 30 m inute cycling 
bou t one h o u r post-exercise and again 24 hours post-exercise. Subjects cycled 
at a low  intensity  equivalent to approxim ately 50% of their age pred icted  
m axim al heart rate. H eart rate w as m onitored using  a telem etry chest strap  
heart rate m onitor (Polar, P ort W ashington, NY). The cycling protocol w as
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perform ed in the H um an  Perform ance Laboratory using  a B odyguard 
(Sandnes, N orw ay) cycle ergom eter.
M assage Protocol
Subjects random ly  assigned to the m assage group received a 30 m inute 
m assage one h o u r post-exercise and again 24 hours post-exercise. The 
m assage protocol consisted of (Table 3.2):
T able 3.2 M assage Protocol
O ne m inute Effleurage
Ten m inu tes Petrissage
O ne m inu te T apo tem en t
O ne m inu te Friction
O ne m inu te V ibration
O ne m inu te Effleurage
This protocol adm inistered a 15 m inute m assage on each quadriceps group  
for a total of 30 m inutes. The m assage w as adm inistered on a p ad d ed  m assage 
table in the M otor C ontrol Laboratory. Each m assage w as replicated th rough  
cues on an audio  cassette to control for the am ount of tim e spent p er stroke. 
Lotion (Biotone D ual Purpose M assage Cream) w as used to reduce friction 
betw een the therap ist's  hands and the subject's skin. Each m assage w as 
adm inistered  by the sam e certified m assage therapist.
Passive Recovery
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Subjects random ly  assigned to the PR group sat passively for 30 m inutes one 
h o u r post-exercise and again 24 hours post-exercise. Passive recovery w as 
perfo rm ed  in  the H um an  Perform ance Laboratory.
B lood S am pling
All b lood sam ples w ere obtained through  antecubital venipuncture. Sam ples 
w ere collected in non treated  vacutainers and  allow ed to clot for 10 m inutes at
room  tem perature. Samples w ere spun  at approxim ately 4000rpm at 4®C for
15 m inutes. Serum  w as rem oved and stored at -25°C until subsequent 
analysis. CK concentration w as determ ined in duplicate using  an 
spectrophotom etric technique from  a com m ercially available kit (Procedure 
UV-47, Sigma Diagnostics, St. Louis, MO). Blood sam ples w ere d raw n  
follow ing 10 m inutes of seated rest for each tim e point (pre-exercise, post­
recovery bout, 12, 24, 48, 72, and 96 hours post-exercise).
Pain  Perception 
Pain  Q uestionnaire
Subjects com pleted a D escriptor Differential Scale (Gracely and Kwilosz, 1988) 
rating  their sensation and  unpleasantness of soreness. This scale contains 12 
descrip tor item s for each of the tw o dim ensions assessed. For each descrip tor 
item , the subjects indicated if their intensity  or unp leasan tness of soreness 
w as either equal in m agnitude to that im plied by  the anchoring descrip tor or 
greater or lesser. The range of scoring for each descriptor is from  -10
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(proportionally  less soreness than  the descriptor) to +10 (proportionally  
g reater soreness then  the descriptor). Subjects com pleted the questionnaire 
pre-exercise, post-recovery bout, 12, 24, 48, 72 and 96 hours post-exercise.
P ressure P o in t Soreness Perception
U sing an algom eter (a progressive load pressure device) w ith  a probe of 
approxim ately  2cm in diam eter, w eight (grams) w as progressively applied  to 
the m uscu lo tend inous junction of the vastus m edialis of each leg. 
A pplication of the w eight w as concealed from  each subject. Subjects w ere 
instructed  to verbally report w hen  tenderness w as first elicited. The w eight 
required  for tenderness to be elicited w as then  quantified. Pressure soreness 
values w ere obtained pre-exercise, post-recovery bout, 12, 24, 48, 72 and 96 
hours post-exercise.
T able 3.3 M ethodology for determ ining A in pain  tolerance
Pre-value = 3000 A value (from  pre) Total A
Post = 1000 -2000 -9764.6/6
12 = 1588 -1412
24 = 1000 -2000 -1627.43
48 = 1261.1 -1738.9
72 = 1500 -1500
96 = 1886.3 -1113.7
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Figure 3.1 Pressure Point Soreness G raph  
Research D esign and  Statistical Procedures
A series of 3x7 m ixed design ANOVA's w ith  repeated m easures w ere used  to 
analyze serum  CK, perceived soreness and pressure po in t soreness values 
betw een the PR, AR and  MS groups. M ean cell com parisons w ere m ade 
using  a Tukey HSD post hoc test.
A series of one-w ay A N OVA's w ere used to analyze differences in tim e to 
peak  CK, perceived soreness and pressure po in t soreness.
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A one-w ay ANOVA w as used  to analyze differences in  p ressure  po in t 
soreness (values betw een the left and  righ t legs betw een the groups). The 
level of significance w as set at an alpha level of 0.05 for all statistical testing.
F igure 3.2 Pressure poin t soreness testing
C hapter Four: R esults
E ighteen m ale subjects, aged 18-35 partic ipated  in  this study. All subjects w ere 
no t curren tly  partic ipating  in a w eight train ing program  and  h ad  no t 
partic ipated  in a w eight p rogram  in the three m onths p rio r to the study. All 
subjects had  m inim al or no m assage exposure w ith  m ild to low  belief in 
m assage benefits. D escriptive data for the subjects is recorded in Table 4.1. 
There w ere no  significant differences in  age, w eight or height betw een groups. 
There w ere no significant differences betw een groups for IRM , average 
w orkload  or % of w orkload during  the exercise protocol.
T able 4.1 Descriptive data  (mean±SD)
MS A R PR
Age 22+2.9 24.815.5 22.513.9
H eigh t (cm) 70.311.9 70.511.4 71.812.6
W eight (kg) 72.6±6.8 80.614.5 81.519.5
T ra in ing  S tatus U n tra in ed U n tra in ed U n tra in ed
Massage
Exposure
M in im al M in im al M in im a l
M axim al 1-RM 
R ight Leg (Nm)
328.8+75.7 366128.4 335.5159
M axim al 1-RM 
Left Leg <Nm)
279.2+57.4 301.2165.9 292.7167
A verage 
W orkload  R ight 
Leg (Nm)
203.1142.3 211.5176.9 264.5167.1
A verage 
W orkload Left 
Leg (Nm)
178.7165 169.1180.4 203.9131.3
% 1-RM R igh t 
Leg (Nm)
63.218.9 57.7120.2 80.3120.8
% 1-RM Left Leg 
(N m )
64.8112.3 54.2117.9 72.2116.9
% 1-RM (m ean) 
(N m )
6418.1 55.9117.4 76115.6
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Sensation and  unpleasan tness of soreness w ere m easured  using  the 
descrip to r differential scale. There w ere no m ain effect differences found 
betw een groups for the sensation of soreness (p=0.16). As indicated by the 
Tukey HSD post-hoc test, im m ediately post-m assage and  12 ho u r post-exercise 
values significantly differed from pre values in the m assage group, how ever, 
after 12 hours, sensation of soreness values w ere sim ilar to p re  exercise 
values. The active recovery group had significantly h igher (p=0.001, f=4.1) 
soreness values 12 hours post-exercise th rough  72 hours post-exercise.
Subjects in the passive recovery group exhibited significantly h igher 
sensation of soreness values from  im m ediately post passive recovery th rough  
48 hours. Differences w ere found using  the Tukey HSD post hoc test.
!
i
□ pre
□ post
■ post 12
■ post 24
■ post 48
□ post 72
□ post 96
M assage Active Recovery Passive Recovery
Figure 4.1 Sensation of soreness - group x tim e (p=0.001). * Vs. pre-exercise 
v a lu es
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There w ere no significant differences (p=0.31) found betw een groups for p re­
exercise unpleasantness of soreness values. U sing the Tukey HSD post hoc 
test, values found indicated m assage subjects experienced significantly higher 
unp leasan tness im m ediately post m assage, w hile subjects in the active 
recovery group  experienced significantly h igher unpleasantness from  12 
hours post exercise th rough  96 hours. U npleasantness values w ere 
significantly h igher (p=0.001) in the passive recovery group  from  im m ediately 
post passive recovery, 12, 24 and 48 hours post exercise.
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□
pre
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12 hour post 
24 hour post 
48 hour post 
72 hour post 
96 hour post
Massage Active Recovery Passive Recovery
Figure 4.2 U npleasantness of soreness - group x tim e (p=0.001). *Vs. p re­
exercise values
As seen in  figure 4.3, tim e to peak soreness levels significantly differed 
betw een the m assage group and the active recovery group for sensation of 
soreness. N o difference w as found betw een the m assage group  and  the 
passive recovery group or betw een the active recovery and passive recovery
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groups. For unpleasantness of soreness, no differences w ere found in the 
tim e to peak  soreness betw een the groups (p>0.05).
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M assage A ctive Recovery Passive Recovery
Figure 4.3 Time (hours) to peak sensation of soreness (p=0.008). *Vs. MS.
Calculations of A pressure po in t soreness values w ere m ade using  the
m ethodology show n in Table 3.3. There w as a significant difference (p<0.05)
betw een groups for the A pressure values of the left vastus m edialis (Figure
4.4). A significant difference betw een the m assage group and  the passive 
recovery group w as found using  the Tukey HSD post hoc test, how ever, a 
significant difference w as no t found betw een the m assage and  active recovery 
groups. There w as no t a significant difference betw een the active recovery
and passive recovery groups for A pressure po in t soreness values.
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Figure 4.4 Left vastus m edialis -m ean  A from baseline (p=0.0087). * Vs. PR.
A significant difference w as not found betw een the groups for the m ean A 
pressure values for the right vastus m edialis (p>0.05).
Time to peak pressure poin t soreness values for the left vastus m edialis 
(Figure 4.5) or the right vastus m edialis (Figure 4.6) w ere no t significantly 
different betw een the groups.
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Figure 4,5 Left vastus m edialis - tim e (hours) to peak soreness (p=0.0642).
90 1
1>  70 -
%
S 6 0 -  
S •« 50 -
^  4 0 -
2
^  3 0 -
0  2 0 -
1 10-
Massage Active Recovery Passive Recovery
Figure 4.6 Right vastus m edialis - tim e (hours) to peak soreness (p=0.6831).
A significant difference (p< 0.05) w as found for the group x tim e interaction 
for p ressure  po in t soreness values of the left vastus m edialis (Figure 4.7).
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TTiere w as no significant difference betw een the groups for the p re  exercise 
values of p ressure  poin t soreness of the left vastus m edialis. As indicated by 
the Tukey HSD post hoc test, the m assage group exhibited a significantly 
h igher pain  threshold  at 72 and 96 hours from  the p re  exercise values. A 
significantly low er pain  threshold  w as seen in the passive recovery group at 
12 and  24 hours from  pre  exercise values. No significant differences w ere 
found in the active recovery group.
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Figure 4.7 Left vastus m edialis pressure po in t values -  group x time 
(p=0.0015). * Vs. pre-values
O ver tim e, a significant difference (p<0.05) w as seen for right vastus m edialis 
p ressure po in t soreness values. U sing the Tukey HSD post hoc test, a 
difference from  pre-exercise values w as detected at the 24-hour tim e po in t 
(Figure 4.8). As seen in Figure 4.9, significant differences w ere no t seen in  the
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group  X tim e interaction for right vastus m edialis p ressure  po in t soreness 
v a lu es .
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Figure 4,8 Right vastus m edialis pressure po in t soreness -  tim e (p=0.0001). 
Vs. p re-values
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Figure 4.9 Right vastus m edialis p ressure po in t soreness -  g roup  x tim e 
(p=0.2657).
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Because of its ease of determ ination, serum  CK w as m easured  as a m arker of 
m uscle dam age. There w ere no significant differences in  CK activity over 
tim e, betw een groups or in a group x tim e interaction (Figure 4.10). H ow ever, 
there w as trem endous variability betw een groups.
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□ hour 72
□ hour 96
Massage Active Recovery Passive Recovery
Figure 4.10 Creatine Kinase activity (U/1) - group x tim e interaction (p=0.2934).
Time to peak CK activity w as significantly different betw een g roups (p<0.05) 
(Figure 4.10). A significant difference in tim e to peak betw een the active 
recovery and  passive recovery groups w as found, how ever, there w as no 
difference betw een the m assage group and the active and  passive recovery 
groups.
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Figure 4.11 Time (hours) to peak CK (p=0.0198). * Vs. PR
C hapter Five: D iscussion
The purpose of this s tudy  w as to determ ine effects of post-exercise m assage on 
sym ptom s and  m arkers of DOMS. The present s tudy  com pared post-exercise 
m assage, active recovery and passive recovery following an  eccentric exercise 
bout. The eccentric exercise protocol w as selected for tw o purposes: 1) to 
insure the evocation of DOMS and 2) to insure the release of the m uscle 
specific enzym e CK. C om parison of m assage to active recovery and  passive 
recovery w as chosen because active recovery is com m only recom m ended as a 
post-exercise recovery aid and passive recovery is com m only used  as a control 
for com parison.
D escriptive D ata
D escriptive data for subjects is show n in Table 4.1. The subjects that 
partic ipated  in this s tudy  could be considered untrained  based on their 
p rev ious 3-m onth exercise history. It w as im portan t tha t subjects had  no t 
partic ipated  in an  exercise p rogram  or experienced DOMS in the prev ious 3 
m onths to control for a train ing  effect. V incent and V incent (1997) com pared  
tra ined  and  un tra ined  subjects perform ing a w eightlifting protocol and  found 
tha t even though  bo th  g roups exhibited DOMS, the trained group  had  
significantly low er levels of serum  CK (p<0.01). The trained  g roup  h ad  peak  
values of 1349 U /1 w hile the un trained  group had  peak  values of 3272 U /1.
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Subjects also had  m inim al m assage exposure w ith  a relatively low  belief in 
the efficacy of m assage in reducing post-exercise m uscle soreness. It w as 
im p o rtan t to  control for this variable to p reven t the possible subconscious 
sensation of relief due to psychological factors.
Between groups, there w ere no differences in exercise in tensity  levels. It w as 
im portan t tha t the subjects exercised at a sim ilar intensity  to assure tha t 
soreness differences betw een groups w ere not due to different exercise '  
in tensity  levels, b u t to the different recovery m odes. There w as no 
correlation found betw een groups for w orkloads and  soreness levels.
Perceived Soreness
The perceived soreness scale attem pted  to m easure sensation and 
unp leasan tness of soreness for each subject follow ing the recovery p rocedure 
(Gracely and  Kwilosz, 1988). Significant increases in soreness levels over the 
96-hour experim ental period  indicated that the exercise protocol w as effective 
in  p roducing  DOMS (Figure 4.1 and  4.2). DOMS is usually  ev iden t 8-24 hours 
post-exercise and  peaks betw een 24 and 72 hours (Ebbeling and Clarkson, 1989, 
K uipers, 1994). Results indicated tha t there w ere significant differences in 
soreness levels betw een g roups for bo th  sensation and  unp leasan tness (Figure 
4.1 and 4.2). A strong correlation (p<0.0001; r=0.86) w as found betw een the 
sensation  and  unpleasan tness of soreness values.
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Findings of this s tudy  are in agreem ent w ith  Sm ith et al. (1994) w ho observed 
decreased perceived soreness levels in their m assage group. T iidus and 
Shoem aker (1995) also found sim ilar results at 48 hours post-exercise in  the 
m assaged leg of their subjects. M assage w as adm inistered w ith in  one h o u r 
post-exercise and  again on days 2-4, w hile Smith et al. (1994) adm inistered  
m assage tw o hours post-exercise. W eber et al. (1994) adm inistered  m assage 
im m ediately  post-exercise and  found no differences betw een g roups for 
soreness levels over a 48 ho u r tim e period. Also, L ightfoot et al. (1997) 
adm inistered  m assage im m ediately post-exercise and  found  no differences in 
soreness levels. Possibly, the treatm ent tim e plays a role in the effectiveness 
of m assage. Sm ith et al. (1994) hypothesized m assage, given a few  hours post­
exercise, w ou ld  affect neu troph il accum ulation, a crucial m anifestation of 
inflam m atory events. In an  area of injury, blood flow slows and  w hite blood 
cells, including  neutrophils, are displaced to the peripheral p lasm atic blood 
flow zone and  subsequently  m arginate along the vessel walls. A n increase in 
b lood flow due to m assage could prevent the ou tw ard  d isp lacem ent of 
neu troph ils , as w ell as shear m arginated  cells from  the vessel w alls th rough  
the m echanical action of v igorous massage. Sm ith et al. (1994) found an 
increase in  neu troph il count in the m assage group, w hich indicates a possible 
effect of m assage to interfere w ith  the inflam m atory process. If the 
inflam m atory process w as affected, then, possibly, recovery tim e could be 
decreased. The p resen t s tudy  d id  no t m easure neu troph il accum ulation so no 
conclusions abou t this m echanism  can be m ade from  the p resen t data.
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Physiological responses to m assage have been a ttribu ted  to an  increase in 
b lood flow and  an effect on the nervous system  (Goats, 1994). Soreness levels 
in  the m assage group m ay have been reduced due to the 'ga ting ' m echanism . 
The tactile stim ulation  of m assage m ay serve to inhibit pain  transm ission  
th ro u g h  elevated  activity in o ther m uscle afferents (A rm strong, 1991).
A nother possible reason for the reduced  soreness levels in  the m assage group  
could be ascribed to the provoked increase in blood flow in the tissues 
subjected to the m assage treatm ent. Increased circulation results in  quicker 
rem oval of b lood borne substances (Og COj, horm ones, cellular w aste 
p roducts) (Cafarelli and Flint, 1992). A lthough blood flow w as no t m easured  
in this study , o ther studies have found a significant increase in circulation 
follow ing a m assage treatm ent (Dubrovskii, 1983; Buryovykh, 1976).
H ow ever, Shoem aker et al. (1997) and Tiidus and Shoem aker (1995) found no 
differences in m uscle blood flow following a m assage treatm ent. The 
decreased soreness levels in the m assage group after 12 hours m ay possibly be 
due  to an enhanced rem oval of blood borne substances.
Finally, reduced  soreness levels could be due in p art to a psychological effect. 
Ferrell-Tory and Click (1993) found that m assage therapy  enhanced feelings of 
relaxation and  decreased perceived pain  levels in hospitalized  cancer patients. 
Ironson  et al. (1996) exam ined the effects of m assage on HIV+ m en and  found
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decreased  anxiety levels and increased relaxation. W einberg et al. (1988) 
conducted  a s tudy  exam ining the effect of different exercise m odes, m assage 
and  rest on positive m ood enhancem ent. 183 physical education  studen ts 
w ere assigned to either sw im m ing, jogging, racquetball, or tennis classes, a 
rest control, and  a m assage group. A Profile of M ood States (POMS), the State 
A nxiety Inventory  and  T hayer's Adjective Checklist w ere used  for the 
psychological m easures. W einberg et al. (1988) found a positive relationship  
betw een  m assage and  POMS and  betw een m assage and  the Adjective 
Checklist. R unning w as the only other treatm ent tha t had  a positive effect, 
b u t these results w ere no t as dram atic as m assage. W einberg et al. (1988) 
surm ised  th a t m assage w as consistently related to positive m ood states and 
psychological w ell being.
Interestingly , perceived soreness levels in the active recovery group  w ere 
significantly h igher for up  to 96 hours. Conversely, Saxton and  D onnelly 
(1995) found  tha t light concentric exercise evoked tem porary  relief of m uscle 
soreness 48 hours post-exercise. Subjects perform ed resistance exercises, 
w hile subjects in the p resen t study  perform ed aerobic exercise. Possibly, the 
differences betw een results could be due to the different m odes of active 
recovery. C om parison of active recovery w as chosen for this s tu d y  because of 
its acceptance as a beneficial or com m only suggested recovery aid. Results 
from  this s tu d y  indicate that active recovery m ay not be the m ost beneficial
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m ethod  for reducing  the sym ptom s of DOMS follow ing intense eccentric 
exercise.
P ressure Poin t Soreness
W hile p rev ious m assage studies have relied exclusively on percep tual 
soreness levels to determ ine recovery affects on DOMS, this is the first 
m assage stu d y  to exam ine pressure po in t soreness values. Pressure po in t 
soreness w as m easured  w ith  an  algom eter on the  m uscu lo tend inous 
junction  of the vastus m edialis of both  the right and  left legs. In accord w ith  
perceived soreness levels, p ressure po in t soreness levels d iffered over time. 
Subjects experienced significant differences in pain  tolerance over tim e in 
bo th  legs. These findings are in agreem ent w ith  E dw ards et al. (1981) and 
Jones e t al. (1987) w ho found increased soreness levels after eccentric exercise 
using  algom etric m easurem ents. E dw ards et al. (1981) m easured  soreness 
levels after a stepping  exercise. Subjects experienced increased soreness levels 
from  24-48 hours post-exercise in the eccentrically exercised leg. Jones et al. 
(1987) also found increased soreness levels from 24-48 hours follow ing an 
eccentric exercise of the forearm  flexors.
U nique to th is s tu d y  w as the m easurem ent of tim e to peak p ressure po in t 
soreness values. There are apparen tly  no studies th a t have analyzed the tim e 
course of p ressure po in t soreness levels. No significant differences w ere 
found  in  the tim e to peak for either the right or left leg (Figure 4.4 and  4.5).
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H ow ever, there w as a trend tow ards a decreased tim e to peak  in  the left (non­
dom inant) vastus m edialis for the m assage group (Figure 4.4). A verage tim e 
to peak  for the m assage group w as 15±5 hours, w hile the active recovery 
group  peaked  at 35±14 hours. The passive recovery group also experienced 
soreness longer reaching peak levels at 26+18 hours.
Seventeen of eighteen subjects w ere found to be right side dom inant, 
how ever, significant increases in pain  tolerance w ere found  only in the left 
leg (non-dom inant side) (Figure 4.3). Significant differences in  pain  tolerance 
w ere n o t found in the right leg suggesting that less dam age m ay have 
occurred in the dom inan t leg. Brennan et al. (1989) and  Buchannan and  
M idgley (1987) bo th  found higher pain  tolerance in the dom inan t side. Both 
stud ies exam ined pain  threshold  levels in norm al, healthy  subjects and 
com pared threshold  levels betw een sides. H ogw eg et al. (1992) and  Fischer 
(1987) found  no difference betw een corresponding m uscles on opposite sides 
w hen  m easuring  pain  threshold in healthy, undam aged  m uscle. Possibly, 
because the left leg is the non-dom inant, w eaker limb, it is m ore sensitive to 
the effects of the eccentric exercise. The left leg m ay possibly be m ore 
receptive to the beneficial recovery aid than  the stronger, dom inan t righ t leg. 
In the m assage group, subjects also experienced a significant increase in  pain  
tolerance at 72 and  96 hours in the left leg. Pain tolerance w as greater than  
pre-exercise values at these tim e poin ts (Figure 4.6).
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Creatine Kinase Response
Increases in serum  CK levels have becom e an acceptable m eans of indicating 
m uscle dam age, although CK tends to be a problem atic m arker (H ortobagyi et 
al., 1993). K uipers et al. (1985) exam ined am ount of m uscle dam age and  
serum  CK follow ing exercise in rats. The correlation betw een serum  CK and 
% of m uscle volum e affected w as r=0.04. They concluded tha t serum  CK does 
n o t necessarily represen t the am ount of exercise induced m usclé dam age.
V an der M eulen (1991) conducted a study  com paring m ale and fem ale rats 
exposed to a sim ilar runn ing  protocol. H igher serum  CK levels w ere found 
in the m ale rats, w hile no differences w ere found betw een genders in 
m icroscopic dam age. H ortobagyi and D enahan (1989) no ted  tha t com parisons 
of serum  CK betw een studies are com plicated because of the m any procedures 
for determ ination  of CK activity. V incent and  V incent (1997) com pared 
tra ined  and un tra ined  subjects and found significantly low er serum  CK levels 
in the trained  group even though  soreness levels w ere higher. M anfredi et 
al. (1991) found increased m uscle dam age in old (59-63) vs. young  (20-30) m en 
follow ing eccentric cycling exercise. Despite the differences in the am ount of 
m uscle dam aged, serum  CK levels d id  no t differ betw een the tw o groups. In  
the p resen t study , the increase in serum  CK levels w as not significant for the 
m ain  effect for tim e (p=0.0592), how ever, there w as a trend  tow ards increased 
serum  CK levels 12-96 hours post-exercise from  pre-exercise levels. M ultiple 
factors can affect serum  CK levels; thus increases in serum  CK activity m ay
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n o t be a sensitive indicator of the m agnitude of m uscle dam age. In the
t  - - - -  t  * .
p resen t study , no correlation w as found betw een any of the soreness variables 
and  CK levels.
In agreem ent w ith  Lightfoot et al. (1997) there w ere no significant differences 
in  serum  CK levels betw een groups (Figure 4.9). H ow ever, there w as a trend 
tow ards low er serum  CK levels in the m assage group vs. the active or passive 
recovery groups. Possibilities for the lack of significance could be sm all 
sam ple size, the tim e the in tervention w as adm inistered  and extrem e 
variability  betw een subjects. Smith et al. (1994), w ho adm inistered  m assage 
tw o hou rs post-exercise, found a significant difference in serum  CK levels 
betw een groups. The m assage group exhibited low er serum  CK levels 
com pared  w ith  the passive recovery group. Time post-exercise for the 
in terven tion  varied  betw een the studies suggesting tha t trea tm en t tim e m ay 
influence the affects of the treatm ent.
In contrast w ith  Sm ith et al. (1994) there w as not a significant difference in the 
tim e to peak  for serum  CK levels betw een the m assage and passive recovery 
g roups (Figure 4.10). There w as, how ever, a significant difference in tim e to 
peak  CK levels betw een the active recovery group and  the passive recovery 
group. CK levels peaked  sooner in the passive recovery group w hich is in 
agreem ent w ith  the findings of H avas et al. (1997) w ho found tha t bed  rest 
post-exercise reduced the tim e to peak for CK levels.
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C onclusions
In conclusion, these results suggest that m assage therapy  is a beneficial 
recovery aid for reducing  DOMS, although it appears to have m inim al effects 
on serum  CK. C om pared to active and passive recovery, m assage enhanced 
the recovery process for perceived soreness and pressure po in t soreness 
levels. W ith the p resen t data, it cannot be determ ined w hether the 
differences in soreness betw een the groups w ere due to increased m uscular 
b lood flow, effects on the nervous system  or psychological effects. Further 
research exam ining psychological aspects, as well as m uscular blood flow m ay 
help  in  determ in ing  the role of m assage as a recovery aid and  the 
m echanism s responsible for the beneficial effects.
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4. Identification of subjects in daita.
2^Anonymous, no identification  Identified by name and/or adckess or other
5. Subject matter or kind(s) of information to be compiled from/about subjects.
HpjAHr. /eiC€rr̂ g<»
Is information on any of the foUowing mcluded? Oteck all that apply,
_  Sexual behavior __ Illegal conduct
 Alcohol use/abuse Drug use/abuse
 Information about the subject that, if it became known outside the research, could reasoimble place the subject at risk
of criminal or civil liability or be damaging to the subject's financial standing or employability.
6. Means of obtaining the information. Check all that apply,
^  Eeld/Laboratoiy observation __Mail survey (Attach questkmaairednstfumeiit)
^  Tissue/Blood campling _Oo-ritC survey (Attach questiofinaiie/instrttfiieiit)
^  Mcasiirftmftnt of motions/actions  Examine public documents, records, data, etc.
In-person interviews/survey (Attach quectioAnaiicyinstniment) Examine private documents, records, data, etc.
^  Telephone interviews/surv^ (Attach queationnaire/iiistniment) __Use of standard educational tests, etc.
 Other means fspecifyl: -------- ------
7. Is a written consent form being used: ^ Y e s  (Attach copy)  No
8. Will subject(s) receive an explanation of the research before and/or after the project?
 Yes (Attach copy)  N o - Wi\\ A VÜrWli
'  ■ -
9. Is this part of your thesis or dissertation? *2S!̂ Yes  No .
If YES -------   date you successfully presented your proposal to your committee: " r
IRB REVIEW  AND DETERMINATIONS
PRO JECT DIRECTOR: Amy Jensen
FACULTY SUPERVISOR: Dr. Brent Ruby
PROJECT TITLE: Effects of Three Recoveiy Modes on Glucose Uptake and Symptoms and
Markers o f Delayed Onset Muscle Soreness”.
From: Carrie Gajdosik, Chairperson of the IRB, Physical Therapy Department, 243-5189
Date: February 24, 1998
The above project was reviewed during the February 18, 1998, meeting and was conditionally 
approved, subject to the following conditions:
1. On the consent form, move the fifth paragraph to after the second paragraph.
2. Add that the participant can discontinue their participation firom the project for no 
reason.
3. Simplify the wording in number three in the second paragraph.
Submit your revisions to the chair of the IRB for final approval before you start data 
collection.
The project director is expected to immediately notify the IRB, through the IRB Chair, if any 
material changes occur. These changes included:
1. Substantial change(s) in the procedure.
2. Significant unanticipated problems
3. Adverse reactions of. or effects on, the subjects and/or any changes as a result
of same.
IRB approval expires after one year. If data collection continues beyond one year from the 
date of IRB approval, you must submit a "Continuation Report" to the IRB for re­
consideration and re-approval. Forms can be obtained from the Research Administration 
Office.
Informed ConsentForm
The purpose of this project is to assess the affects of massage, active recovery and passive 
recovery on symptoms and markers of exercise induced muscle damage and on 
carbohydrate metabolism. The information that is collected from this investigation will help 
in determining beneficial exercise recovery aids.
Participation in this study will include 1) a pre-screening assessment (a health/exercise 
history questionnaire), 2) an introductory muscle test to determine the strength of the 
muscles on the front of your thighs (leg extension exercise), 3) an experimental muscle test 
that involves ten sets of ten repetitions, slowly lowering a resistance equivalent to the 
highest resistance you achieve for one repetition during the introductory test, 4) the 
administration of an active or passive recovery period or a massage 60 minutes following 
exercise and again 24 hours following exercise. You will be randomly placed in one of 
three groups. The active recovery group will perform a 30 minute low intensity cycling 
protocol, the passive recovery group will lie quietly for 30 minutes and the massage group 
will receive a 30 minute quadriceps massage, 5) you will also be administered an oral 
glucose tolerance test 24 hours before the introductory muscle test and 48 hours following 
exercise. The oral glucose tolerance test involves ingesting a liquid sugar load followed by 
blood samples being taken every 30 minutes for 3 hours. Blood samples will be taken for 
all three groups before exercise, following the exercise trial, and at 12, 24,48, 72, and 96 
hours following exercise. A total of 19 blood samples for the massage group and the active 
and passive recovery groups will be drawn (approximately 1 teaspoon each). All blood 
samples will be taken from an arm vein by a trained phlebotomist.
All testing and blood sampling will be supervised by Brent C. Ruby, Ph.D., an Exercise 
Physiologist and trained phlebotomist and conducted by Amie T. Jensen, a trained 
phlebotomist and certified massage therapist. All exercise muscle testing will be supervised 
by Richard Gajdosik, Ph.D. (243-5183/4753). Any further questions may be addressed to 
Brent C. Ruby, Ph.D., Director, Human Performance Laboratory, McGill Hall #121 (243- 
2117) or at his residence (542-2513) and/or Amie T. Jensen (243-4780) or at her residence 
(549-6807).
It is expected that you will have some discomforts as a result of your participation in this 
study. This type of intense muscle exercise often results in local muscle pain or tenderness 
and possible swelling that may last between three and five days after the exercise has been 
completed. This type of muscle pain is called delayed onset muscle soreness and is 
common with most types of intense exercise. If you experience discomfort during any one 
of the initial testing sessions, you may stop at any time, or drop out of the study without 
penalty. You may also discontinue participation for no reason. Blood sampling (veno- 
puncture) can sometimes be associated with risks of bruising (10%), infection (less than 
1%) and clotting problems (less than 1%). These risks will be minimized by the use of 
sterile procedures and trained technicians.
The preliminary screening procedure will determine if you have any pre-existing condition 
that may disqualify you from participating in this study. It is important that you answer all 
of the questions truthfully. If you have any known health conditions that may put you at an 
increased risk as a result of your participation in this study you will not be selected to 
participate. From the muscle testing and blood sampling, you will gain a better 
understanding of your leg muscle strength and your response to an intense bout of 
exercise.
"In the event that you are injured as a result of this research you should seek appropriate 
medical treatment. If the injury is caused by the negligence of the University or any of its 
employees, you may be entitled to reimbursement or compensation pursuant to the 
Comprehensive State Insurance Plan established by the Department of Administration 
under the authority of M.C.A., Title 2, Chapter 9, In the event of a claim for such injury, 
further information may be obtained from the Universityfs Claims Representative of 
University Legal Counsel."
I have read the above statements and understand the risks involved with this study. I 
authorize Amie T. Jensen, Brent C. Ruby, Ph.D. and such assistants that they may 
designate, to administer and conduct the testing as safely as possible with a minimal 
amount of discomfort.
Participant Signature __________________ =____________________  Date ________
Investigator Signature______________________________________  Date ________
Human Performance Laboratory 
The University of Montana
Exercise and Health History Questionnaire
Name _____________________________  Phone__________________
Address_______________________________________________________
Age ________ Height________  W eight_________
In Case Of Emergency, Contact (closest relative)
Name_____________________________ Relation_____________________
Phone ___ Phone
Medical History/Physical Profile
1, Are you taking any
prescriptions?_______
If yes,
what?
2. Do you have any injuries or physical limitations? If yes, please describe.
3. Do you have any knee problems or muscle problems that do not allow you to 
perform
intense exercise?
4. Are you diabetic?_________________
5. Have you been seen by a physician in the past year? If yes, please explain.
6. Do you have any allergies? If  yes, to what?
Exercise History
1. Describe the type o f exercise you do.
2. If  applicable, approximately how many miles do you run per week?
3. Do you do any weight training?
4. Have you done any weight training in the past 3 months?
5. If  applicable, does your job involve any type of heavy lifting?
If yes, please explain;
Human Performance Laboratory 
The University of Montana
6. Have you ever had a massage?
If yes, on a scale from 1 to 9 (1 = strong belief and 9 = strong disbelief) how 
would you rate your belief in the benefits of massage?
7. Please list the hours you are unavailable to participate in this study. Include 
weekend hours.
Eccentric Exercise - Data Sheet
Subject__
Date __
Start time _ 
Lever Arm 
1-RMRt
Weight__
Height __
End time _ 
Seat Back 
Lt_____
lbs
Rt le g -p e a k  force values Lt le g -p e a k  force values
1_
2_
3 _
4 _
5 _
6__
7 _
8_
9 _
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69_
7 0 „
71_
72_
73_
74_
75_
76_
77_
78_
79_
80_
81_
82_
83_
84_
85_
86_
87_
88_
89_
90_
91_
92_
93_
94_
95_
96_
97_
98_
99_
100.
X=
1_
2 _
3 _
4 _
5 _
6_
7 _
8 _
9 _
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
6 9 _
7 0 _
7 1 _
7 2 _
7 3 _
7 4 _
75_
76_
7 7 _
7 8 _
7 9 _
80_
81_
82_
83_
84_
85_
86_
87_
88_
89_
90_
91_
92_
93_
94_
95_
96_
97_
98_
99_
100.
X-_
Soreness - Data Sheet
Subject__________________________
Pressure Point Soreness
Rt Leg Lt Leg
VM RF VM RF
Pre________________    Pre_ ______
Post________________   Post_ ______
12     12   ______
24 ________________    24______ __
48 ________________    48______ __
72 ________________    72______ __
96 _______________     96_____ __
Blood Values - Data Sheet
Subject
Ck Values
P re______
Post_____
12 ______
24 ______
48 ______
72 ______
96 ______
Glucose Values
Pre-Exercise
0 _________
30_________
60_________
90_________
120________
150________
180________
Insulin Values
Pre-Exercise
0 ________
30_________
60_________
90_________
120________
150________
180________
48 Hours
0 _____
30_____
60_____
90_____
120_____
150____
180____
48 Hours
0 ______
30_____
60_____
90_____
1 2 0 ______
150____
180____
Please rate your sensation in  relation to each word by circling a 
number. (Negative equals proportionally less soreness; positive  
equals proportionally greater soreness; 0 equals sam e soreness as 
each word).
Slightly  In tense
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8  9 10 +
— 2
- 10 9 8 7 6  5 4 3 2 1  0 1 2  3 4 5 6 7 8 9 1 0  +
Strong
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
V ery W eak
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
V ery In tense
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
M oderate
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Very M ild
- 10 9 8 7  6 5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
W eak
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Extrem ely In tense
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Barely S trong
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
In tense
- 10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Please rate your unpleasantness in  relation to each word by circling 
the number. (Negative equals proportionally less soreness; positive 
equals proportionally greater soreness; 0 equals sam e soreness as 
each word).
V ery U np leasan t
10 9 8 7 6  5 4 3 2  1 0 1 2 3 4 5 6 7 8 9  10 +
Very D istressing
10 9 8 7 6  5 4 3 2  1 0 1 2 3 4 5 6 7 8 9  10 +
S lightly  U npleasant 
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
U n p leasan t
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Slightly  Intolerable 
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
A n n o y in g
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
D istressing
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
S lightly  A nnoying 
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Slightly D istressing 
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
V ery In to lerable
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
Into lerable
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
V ery A nnoying
10 9 8 7 6  5 4 3 2 1  0 1 2 3 4 5 6 7 8 9  10 +
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Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 4712.11111 2 356 .05556 .70571 .5094
Residual 15 50078 .33333 3338 .55556
Pependqdt: IRM-RighC
M eans T ab le  
E ffe c t: G roup 
D e p e n d e n t: 1 RM -Right
Count Mean Std. Dev. Std. Error
Massage 6 328 .83333 75 .65029 30 .88410
Active Recovery 6 3 66 .00000 28 .44644 11.61321
Passive Recovery 6 335 .50000 59 .02118 24 .09530
T ype III Sum s o f S q u a re s
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 2 8 6 .2 8 8 1 8 143 .14409 2 .73667 .0970
Residual 15 7 8 4 .5 8 9 2 7 52.30595
Dependent: Weight
M eans T ab le  
E ffe c t: G roup 
D ep en d en t: W eigh t
Count Mean Std. Dev. Std. Error
Massage 6 7 2 .60667 6.81385 2.781 74
Active Recovery 6 8 0 .60000 4 .55078 1.85785
Passive Recovery 6 8 1 .46667 9.47522 3.86824
Type Sum s of S q u a re s
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 1 4 7 7 .0 0 0 0 0 7 38 .50000 .18275 .8348
Residual 15 6 0 6 1 7 .0 0 0 0 0 4041 .13333
Dependent: 1 RM-Left
M eans T ab le  
E ffe c t: G roup 
D e p e n d e n t: 1 RM -Left
Count Mean Std. Dev. Std. Error
Massage 6 2 7 9 .1 6 6 6 7 57 .39832 23 .43276
Active Recovery 6 3 0 1 .1 6 6 6 7 65 .85565 26 .88546
Passive Recovery 6 2 9 2 .6 6 6 6 7 67 .02139 27 .36137
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 1677 .44444 838 .72222 2.73526 .0971
Residual 15 4 5 9 9 .5 0 0 0 0 306 .63333
Dependent: % TRM-R '  ' -
M eans T ab le  
E ffe c t: G roup 
D ep en d e n t: % 1RM-R
Count Mean Std. Dev. Std. Error
Massage 6 63 .16667 8 .86378 3 .61862
Active Recovery 6 57 .66667 2 0 .22540 8.25698
Passive Recovery 6 80 .33333 2 0 .79102 8.48790
T ype III Sum s o f S q u a re s
Source df Sum of Squares Mean Square F-Value P-Value
Group 1 2 983.11111 4 9 1 .5 5 5 5 6 1.95450 .1761
Residual | 15 37 7 2 .5 0 0 0 0 2 5 1 .50000
Dependent: % 1RM-L
M eans T ab le  
E ffe c t: G roup 
D ep en d en t: % 1RM-L
Count Mean Std. Dev. Std. Error
Massage 6 64 .83333 12.28685 5.01609
Active Recovery 6 54 .16667 17 .85964 7.2911 7
Passive Recovery 6 72-16667 16 .86910 6.88678
Type III Sums of Squares
Source df ! H-F
Group 2 160 .73423 80.36711 2.05525 .1626
Subject(Group) 15 5 8 6 .5 5 1 0 4 39 .10340
sensation 6 611.57231 - '1 0 T .9 2 8 7 2 14 .60377 .0001 .0001 .0001
sensation * Group 12 3 43 .10763 28 .59230 4 .0 9 6 5 4 .0001 .0037 .0009
sensation * Subj... 90 628 .1 6 5 3 9 6.97962
Dependent: sensation
M eans T ab le
E ffe c t: s e n s a t io n  * G roup 
D e p e n d e n t: s e n s a t io n
pre, Massage
pre, Active Recovery
pre. Passive Recovery
post , Massage
post , Active Recovery
p o st , Passive Recovery
post 12, Massage
post 12, Active Recovery
post 12, Passive Recovery
post 24 , Massage
post 24 , Active Recovery
post 24 , Passive Recovery
post 4 8 , Massage
post 48 , Active Recovery
post 48 , Passive Recovery
post 72, Massage
post 72, Active Recovery
post 72, Passive Recovery
post 96 , Massage
post 96, Active Recovery
post 96, Passive Recovery
Count Mean Std. Dev. Std. Error
6 .56944 1.39485 .56944
6 .72222 1.35981 .55514
6 2.68056 3 .71050 1.51481
6 9.68056 3 .82260 1.56057
6 4 .93056 4 .0 6 7 9 7 1.66074
6 8.20833 5 .76959 2.35543
6 7.43056 3 .41379 1.39367
6 5.48611 3 .93856 1.60791
6 8.87500 3 .20622 1.30893
6 3.68056 3.20261 1.30746
6 6.55556 3 .14716 1.28482
6 8.83333 3 .00786 1.22795
6 .95833 1.51268 .61755
6 7.55556 3 .85669 1.57449
6 6.1 2500 3 .97064 1.62101
6 .72222 1.04305 .42583
6 6 .22222 3 .98214 1.62570
6 4 .66667 4.30181 1.75621
6 .27778 .47920 .19563
6 4 .75000 4 .28499 1.74934
6 2.88889 2 .70322 1.10359
J
□ pre
□ post
B post 12
B post 24
B post 48
□ post 72
□ post 96
M assage A ctive Recoveiy P asav e  Recovery
Type III Sums of Squares
Source df Sui
Group 2 5340 .44444 2670 .22222 6.69061 .0084
Residual 15 5986 .50000 399 .10000
Dependent: Time to  peak sensation
M eans T a b le  
E ffe c t: G roup
D ep en d en t: T im e to  peak  se n sa tio n
Count Mean Std. Dev. Std. Error
Massage 6 .83333 .40825 .16667
Active Recovery 6 42 .16667 33 .48084 13.66850
Passive Recovery 6 14 .16667 8.72735 3.56293
I
I
Î
i
J
E -»
90 1
80 -
70 -
60 -
50 -
40 -
30 -
20 -
0 -
Massage Active Recovery Passive Recovery
Type III Sums of Squares
Source df i
Group 2 97.42671 48.71335 1.27329 .3085
Subject(Group) 15 573.86792 38.25786
unpleasantness 6 ' 319.59567 53.26595 8.98129 .0001 .0002 .0001
unpleasantness ... 12 1 52.40302 12.70025 2.14142 .0215 .0766 .0506
unpleasantness ... 90 533.76917 5.93077
Dependent: unpleasantness 
Means Table
Effect: u n p leasan tn ess  * Group 
D ependent: u n p leasan tn ess
Count Mean Std. Dev. Std. Error
pre, Massage
pre, Active Recovery
pre, Passive Recovery
post. Massage
post. Active Recovery
post, Passive Recovery
12 hour post, Massage
12 hour post. Active Recovery
12 hour post, Passive Recovery
24 hour post. Massage
24 hour post. Active Recovery
24 hour post, Passive Recovery
48 hour post. Massage
48 hour post. Active Recovery
48 hour post, Passive Recovery
72 hour post, Massage
72 hour post. Active Recovery
72 hour post, Passive Recovery
96 hour post, Massage
96 hour post. Active Recovery
96 hour post. Passive Recovery
<u
£
■a
<341
A,
5
6 1.01667 1.96206 .80101
6 .06667 .10328 .04216
6 .16667 .26583 .10853
6 5.18333 3.14415 1.28359
6 3.83333 4.38208 1.78898
6 5.40000 5.97126 2.43776
6 4.86667 2.63944 1.07755
6 4.73333 3.62749 1.48092
6 6.25000 4.17600 1.70485
6 2.63333 2.91799 1.19126
6 6.20000 2.50679 1.02339
6 6.00000 3.60389 1.47128
6 1.48333 1.58923 .64880
6 6.58333 3.57515 1.45955
6 4.90000 3.96434 1.61844
6 1.35000 1.69440 .69174
6 5.86667 4.07366 1.66306
6 3.46667 3.53817 1.44445
6 .85000 1.24700 .50908
6 4.44167 4.23207 1.72774
6 2.40000 2.24232 .91542
□
13
□
□
pre
post
12 hour post 
24 hour post 
48 hour post 
72 hour post 
96 hour post
Massage Active Recovery Passive Recovery
T yp e  ill Sum s o f  S q u a re s
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 1736 .4 4 4 4 4 868 .22222 1.68627 .2185
Residual IS 7 7 2 3 .1 6 6 6 7 $14 ,87778
Dependent: Time to  peak unpleasantness ■ - -
M eans T ab le  
E ffe c t: G roup
D ep en d en t: T im e to  p e ak  u n p le a s a n tn e s s
Count Mean Std. Dev. Std. Error
Massage 6 14 .50000 18 .79096 7.67138
Active Recovery 6 35 .16667 33.39711 13.63431
Passive Recovery 6 14 .16667 8 .72735 3.56293
I 90
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Massage Active Recovery Passive Recovery
Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Group 2 1 .03416E7 5.1 7078E6 .69083 .5164
Subject (Group) 15 1.12273Ê8 7.48487E6
Time 6 1.52216E7 2.53694E6 6.43729 .0001 .0011 .0001
Time * Group 12 5.88834E6 4.90695E5 1.24510 .2657 .3022 .2859
Time * Subject(... 90 3.54691 E7 3 .9 4 1 0 1 Ê5
Dependent; Time - VM-R pressure
T ab le  o f Epsilon F a c to rs  fo r d f A d ju s tm en t 
D ep en d en t: T im e - VM-R p re s s u re
G-G Epsilon H-F Epsilon
Time .49511 .71315
M eans T a b le  
E ffe c t: T im e
D ep en d en t: T im e - VM-R p re s s u re
P re  
Post , 
hour 12 
hour24 
hour 48  
hour 72 
hour 96
Count Mean Std. Dev. Std. Error
18 3844 .5 867 .29459 204 .42330
18 3.28261 E3 1.15072E3 271 .22716
18 3.29922E3 1.1927E3 281 .12135
18 3.18111E3 1123 .4293 264 .79483
18 3.45444E3 1.29447E3 305 .10922
18 4.00772E3 1.31809E3 310 .67773
18 4.08178E3 1.21302E3 285 .91175
PC
I
a
Io
&41
Ia*
fC
45 0 0  -
40 0 0  -
35 0 0  -
3000  -
25 0 0  -
2000 -
1500 -
1000  -
500 -
Pre Post hour 12 hour24 hour48 hour 72 hour96
Time
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Group 2 1 .0 3 4 1 6E7 5.17078E6 .69083 .5164
Subject(Group) .1 5 . -1 .12273E 8 .  7.48487E6 - - - - -
Time 6 1.S2216E7 2.S3694E6 6.43729 .0001 .0011 .0001
Time * Group 12 5.88834E6 4.9069SES 1.24510 .2657 .3022 .2859
Time * Subject(... 90 3.54691 E7 3.94101 ES
Dependent: Time - VM-R pressure
M eans T ab le
E ffec t: T im e * Group
D e p en d e n t: T im e - VM-R p re s su re
Count Mean Std. Dev. Std. Error
Pre, M assage
Pre, A ctive Recovery
Pre, Passive Recovery
Post, Massage
Post, Active Recovery
Post, Passive Recovery
hour 12, Massage
hour 12, Active Recovery
hour 1 2, Passive Recovery
hour24. Massage
hour24, Active Recovery
hour24, Passive Recovery
hour 48, Massage
hour 48, Active Recovery
hour 48, Passive Recovery
hour 72, Massage
hour 72, Active Recovery
hour 72, Passive Recovery
hour 96, Massage
hour 96, Active Recovery
hour 96, Passive Recovery
6 3.78633E3 1.02024E3 416.51144
6 4006 .5 1.0894E3 444.74703
6 3.74067E3 530 .37634 216.52524
6 3337 .5 1.1 884E3 485.16236
6 3572 .5 1 .36601E3 557.67265
6 2.93783E3 988.29923 403.47147
6 3 .5 0 7 1 7E3 1.07634E3 439.41570
6 3.69067E3 1.56466E3 638.76958
6 2.69983E3 750 .35150 306.32972
6 3 .5 6 0 1 7E3 1.03253E3 421 .52900
6 3.43167E3 1.11485E3 455 .13732
6 2551.5 1.1219E3 458.01235
6 3758 1.26595E3 516.82073
6 3.4061 7E3 1.54376E3 630.23924
6 3.19917E3 1232.8037 503.29000
6 4437 .5 979.38445 399.83203
6 4.06733E3 1.52078E3 620.85778
6 3.51833E3 1.45663E3 594.66616
6 4.77033E3 922.72481 376.70082
6 3.71033E3 1 344.2346 548.78148
6 3.76467E3 1.22036E3 498.20870
«g
I
I
1
I
1
1
n  Pre 
E Post 
B hour 12 
B hour24 
B hour 48
□  hour 72
□  hour 96
M assage Active Recovery Passive Recovery
T ype  111 Sum s o f S q u ares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 S.25443E7 2.62721 E7 1.36002 .2866
Residual 15 2.89763E8 1 .9 3 1 75E7
Dependent: VM-R A pressure
M eans T ab le  
E ffe c t: G roup 
D e p en d e n t: VM-R A p re s s u re
Count Mean Std. Dev. Std. Error
Massage 6 4 8 6 .0 0 0 0 0 3.S0433E3 1.43064E3
Active Recovery 6 -2 .32067E 3 2.89001 E3 1.17984E3
Passive Recovery 6 -3 .60583E 3 6.10902E3 2.494E3
60 0 0  -I
4 0 0 0  -
«  2000 -
1 ■■
c
2  -2000 -
-4 0 0 0  -
-6 0 0 0  -
-8 0 0 0
Active Recovery Passive RecoveryMassage
Type 111 Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 256 .33333 128.16667 .39090 .6831
Residual 15 4 9 1 8 .1 6 6 6 7 327 .87778
Dependent; VM-R Time to  peak
M eans T ab le  
E ffe c t: G roup
M assage 
Active Recovery 
Passive Recovery
Tim e to  
Count
peak
Mean Std. Dev. Std. Error
6 22 .33333 21 .62098 8.82673
6 3 0 .1 6 6 6 7 20 .84626 8.51045
6 22 .00000 9 .03327 3 .68782
90 -I
«
È  70  -
%
^  60 
^  50
1o 40
g
E -
Active Recovery Passive RecoveryM assage
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Group 2 1.22976E7 6 .1 4 8 8 1 E6 .68593 .5187
Subject(Group) 15 1.34463E8 8 .9 6 4 1 9E6
Time 6 2 .4 6 1 82E7 4.10303E6 1 3 .38997 .0001 .0001 .0001
Time * Group 12 1.09908E7 9.15904E5 2.98900 .0015 .0155 .0055
Time * Subject(... 90 2 7 5 7 8 2 8 5 .3 7 3 06425 .393
Dependent: Time - VM-L pressure
M eans T ab le  
E ffe c t:  T im e
D e p en d e n t: T im e - VM-L p re s s u re
P re  
Post 
hour 12 
hour24 
hour 48  
hour 72  
hour 96
Count Mean Std. Dev. Std. Error
18 3 9 5 5 .2 5 963 .46660 227.091 26
18 3.58799E3 944 .54087 222 .6 3 0 4 2
18 3.29769E3 1.33552E3 3 14 .7 8 4 3 8
18 . 3 .2 4 7 1 7E3 1.19735E3 2 82 .2 1 7 9 0
18 3.65847E 3 1.33042E3 3 13 .58212
18 4 .22373E 3 1.45574E3 3 43 .12190
18 4.53644E 3 1.4053E3 331.23291
M eans T a b le
E ffec t: T im e * G roup
D e p en d e n t: T im e - VM-L
Pre, M assage
Pre, Active Recovery
Pre, Passive Recovery
Post, Massage
Post, Active Recovery
Post, Passive Recovery
hour 1 2, Massage
hour 12, Active Recovery
hour 1 2, Passive Recovery
hour24. Massage
hour24, Active Recovery
hour24. Passive Recovery
hour 48, Massage
hour 48, Active Recovery
hour 48 , Passive Recovery
hour 72, Massage
hour 72, Active Recovery
hour 72 , Passive Recovery
hour 96 , Massage
hour 96, Active Recovery
hour 96, Passive Recovery
p re s s u re
Count Mean Std. Dev. Std. Error
6 3.56208E3 572 .05283 233 .53959
6 4209 1239.9571 506.21036
6 4.09467E3 1.00264E3 409 .32576
6 3.66397E3 1.06177E3 433.46630
6 3900 1.00057E3 408 .48093
6 3200 774 .88477 316 .34538
6 3.30073E3 1.29355E3 528.09040
6 3.72883E3 1455.4795 594.19702
6 2863.5 1.35028E3 551 .25074
6 3.66068E3 1.11 477E3 455 .10287
6 3.24783E3 1.16775E3 476 .73119
6 2833 1362.7211 556.32856
6 4.20407E3 1.07516E3 438 .93190
6 3.S5717E3 1.58268E3 646 .12767
6 3.21417E3 1.3231 6E3 540.17895
6 5.01353E3 1.10746E3 452.12020
6 4257 .5 1.66246E3 678 .69840
6 3.4001 7E3 1.28497E3 524.58698
6 5.19833E3 1.32973E3 542.85839
6 4527 1.58358E3 646.491 97
6 3884 1184 .0804 483 .39880
I
I
&01
J
□  Pre 
ED Post
□
□
hour 12 
hour24 
hour 48 
hour 72 
hour %
M assage A ctive Recovery Passive Recovery
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 2.28489E8 1.1424SE8 6 .62059 .0087
Residual 15 2.S884E8 1.72S6E7
Dependent: VM-L A pressure
M eans T ab le  
E ffe c t: G roup 
D ep en d en t: VM-L A p re s s u re
Count Mean Std. Dev. Std. Error
Massage 6 3669 3 .4 9 3 1 2E3 1.42606E3
Active Recovery 6 -2 .08633E 3 4.22975E3 1.72679E3
Passive Recovery 6 -4 .8 9 0 1 7E3 4.65567E3 1900.6691
60 0 0  -I
4 0 0 0  -
2000 -
3
%«
-2000  -
-4 0 0 0  -
-6 0 0 0  -
-8 0 0 0
Active Recovery Passive RecoveryM assage
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 1 2 0 4 .0 0 0 0 0 602 .00000 3 .31498 .0642
Residual 15 . 2 7 2 4 .0 0 0 0 0 181 .60000
Dependent: VM-L Time to  peak
M eans T ab le  
E ffe c t: G roup
D ependen t: VM-L T im e to  p eak
Count Mean Std. Dev. Std. Error
Massage 6 1 5 .00000 5,01996 2 .04939
Active Recovery 6 3 5 .0 0 0 0 0 14.40833 5 .88218
Passive Recovery 6 2 6 .0 0 0 0 0 17,66352 7 .21110
i  7 » :
I  60 -
o
7  SO - 
40  -
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Active Recovery Passive RecoveryMassage
Type III Sums o f Squares
Source df ! F-Value P-Value G-G H-F
Group 2 1277394 .5873 6.38697E5 .74696 .4906
Subject (Group) 15 1.28259E7 8.55063E5
Time 6 2.12153E6 3.53588E5 2 .11428 .0592 .1 544 .1447
Time * Group 12 2 .41444E6 2 0 1 2 03 .4418 1.20310 .2934 .3313 .3309
Time * Subject(... 90 1.50514E7 1.67238E5
Dependent: Time - CK
M eans T ab le  
E ffe c t: G roup 
D ep en d en t: T im e - CK
Count Mean Std. Dev. S td. Error
Massage 42 143 .61905 137.25425 21 .17879
Active Recovery 42 3 50 .45238 394 .27749 60 .83834
Passive Recovery 42 363 .38095 785 .03183 121 .13304
M eans T ab le  
E ffe c t: T im e 
D ep en d en t: T im e - CK
Pre 
Post 
hour 1 2 
hour24 
hour 48 
hour 72 
hour 96
Count Mean Std. Dev. Std. Error
18 7 6 .0 0 0 0 0 32.52691 7 .66667
18 1 0 9 .7 2 2 2 2 51 .16617 12 .05998
18 3 1 1 .3 8 8 8 9 233 .88865 55 .12808
18 294.61111 257 .42575 60 .67583
18 427.11111 1.071 S7E3 2 5 2 .5 7 1 3 4
18 3 9 4 .8 8 8 8 9 581 .48349 137 .05697
18 3 8 7 .0 0 0 0 0 495 .96205 11 6 .89938
M eans T ab le  
E ffec t; Tim e * Group 
D ep en d en t: T im e - CK
Pre, M assage
Pre, Active Recovery
Pre, Passive Recovery
Post, Massage
Post, Active Recovery
Post, Passive Recovery
hour 12, Massage
hour 12, Active Recovery
hour 1 2, Passive Recovery
hour24, Massage
hour24. Active Recovery
hour24. Passive Recovery
hour 48 , Massage
hour 48 , Active Recovery
hour 4 8 , Passive Recovery
hour 72 , Massage
hour 72 , Active Recovery
hour 7 2 , Passive Recovery
hour 96, Massage
hour 96 , Active Recovery
hour 96 , Passive Recovery
Count .Mean Std. Dev. Std. Error
6 59 .00000 31 .79308 1 2 .97947
6 78 .33333 28 .89060 11 .79454
6 9 0 .66667 33.76783 13.78566
6 86 .50000 18.67351 7.62343
6 119 .83333 58.17015 23 .74787
6 122 .83333 64.75003 26 .43409
6 2 50 .66667 172-53599 70 .43752
6 29 8 .16667 163.74665 66 .84929
6 385 .33333 343 .82534 140.36611
6 195 .33333 119.98611 48 .98412
6 33 6 .00000 287.46895 117.35871
6 352 .50000 332 .22267 135 .62934
6 9 8 .00000 28 .67054 11.70470
6 30 3 .50000 205.32973 83.82551
6 879 .83333 1.86195E3 760 .13637
6 136 .33333 125.79772 51 .35670
6 640 .50000 619.99927 253 .11364
6 407 .8 3 3 3 3 772.38732 315 .32580
6 1 79 .50000 242.34665 98.93761
6 676 .83333 588.94802 240 .43702
6 304 .66667 519.73904 212 .18257
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In te rac tio n  Bar C hart 
Effect: G ro u p  
D ep en d en t: T im e - CK 
W ith  S ta n d a rd  E rror erro r bars.
M assage A ctive Recovery Passive Recovery
G roup
In te rac tio n  Bar C hart 
Effect: T im e 
D ep en d en t: T im e - CK 
W ith  S tan d a rd  E rror erro r bars. 
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In te rac tio n  Bar C hart 
Effect: T im e * G ro u p  
D ep en d en t: T im e - CK 
W ith  S ta n d a rd  E rror erro r bars.
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a
B
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□
Pre 
Post 
h o u r 12 
h o u r2 4  
h o u r 48 
h o u r 72 
h o u r 96
M assage A ctive Recovery Passive Recovery
G roup
Type III Sums o f Squares
Source df Su F-Value P-Value
Group 2 7 8 52 .00000 3926 .0 0 0 0 0 5.15223 .0198
Residual 15 11430 .00000 7 6 2 .00000
Dependent: Time to  peak ck
In te ra c tio n  P lo t 
E ffe c t: G roup
D ep en d en t: T im e to  peak  ck 
W ith S ta n d a rd  E rror e r ro r  b a rs .
90 -
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Î
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; 20 -
h-t
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Massage Active Recovery Passive Recovery
M eans T ab le  
E ffe c t: Group
D ep enden t: T im e to  peak  ck
Count Mean Std. Dev. Std. Error
Massage 6 26 .00000 34 .29286 14.00000
Active Recovery 6 67 .00000 2 9 .97999 12 .23928
Passive Recovery 6 20 .00000 14 .53272 5.93296
R e g re s s io n  S um m ary
Peak s e n s a tio n  v s . Peak u n p le a s a n tn e s s  
Count
Num. Missing 
R
R Squared 
Adjusted R Squared 
RMS Residual
18
.861
.741
.725
1.945
ANOVA T ab le
Peak s e n s a tio n  v s . Peak  u n p le a s a n tn e s s
DF Sum of Squares Mean Square F-Value P-Value
Regression 1 173 .488 173 .488 45 .849 <.0001
Residual 16 60 .543 3.784
Total 17 234.031
R e g re s s io n  C o e f f ic ie n ts
Peak s e n s a tio n  v s . Peak  u n p le a s a n tn e s s
Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept 3 .8 6 2 .974 3 .862 3.967 .0011
Peak unpleasantness .792 .117 .861 6.771 <.0001
R e g re s s io n  P lo t
20
g
1
cm
12 182 6 8 10 160 4 14
Peak unpleasantness 
Y = 3 .862 + .792  * X; Ra2 * .741
18
R e g re s s io n  S um m ary  
Peak CK v s . Peak s e n s a tio n  
Count
Num. Missing 
R
R Squared 
Adjusted R Squared 
RMS Residual
.118
.014
111 0 .427
ANOVA T ab le
Peak CK v s . Peak s e n s a tio n
DF Sum of Squares Mean Square F-Value P-Value
Regression 1 2 7 8 2 1 8 .2 2 2 2 7 8 2 1 8 .2 2 2 .226 .6412
Residual 16 1 9 7 2 8 7 7 5 .8 0 9 1 233048 .488
Total 17 20006994 .031
R e g re s s io n  C o e f f ic ie n ts  
Peak CK v s . Peak s e n s a tio n
Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept 35 3 .0 2 7 749 .646 353 .027 .471 .6441
Peak sensation 3 4 .4 7 9 72 .586 .118 .475 .6412
R e g re s s io n  P lo t
5000
4500  -
4000  -
3500  -
3000 -u
%Of
2000  -
2500  -
1500 -
1000 -
500
64 8 10 12 14 1 20
Peak sensation 
Y = 3 5 3 .0 2 7  + 3 4 .479  * X; R^Z = .014
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R e g re s s io n  S um m ary  
Peak CK v s . Peak u n p le a s a n tn e ss  
Count
Num. Missing 
R
R Squared 
Adjusted R Squared 
RMS Residual
.115
.013
1110 .832
ANOVA T ab le
Peak CK v s . Peak u n p le a s a n tn e s s
DF Sum of Squares Mean Square F-Value P-Value
Regression 1 263816 .121 263816.121 .214 .6500
Residual 16 1 9 7 4 3 1 7 7 .9 1 0 1233948 .619
Total 17 20006994 .031
R e g re s s io n  C o e f f ic ie n ts
Peak CK v s . Peak u n p le a s a n tn e s s
Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept 4 5 9 .9 2 0 555.985 459 .920 .827 .4203
Peak unpleasantness 30 .902 66 .832 .115 .462 .6500
R e g re s s io n  P lo t
5000
4500
4000
3500
3000o
2000
2500
1500
1000
500
2 8 100 6 124 14 16 18
Peak unpleasantness 
Y » 4 5 9 .9 2  + 3 0 .9 0 2  * X; Ra2 = .01 3
ANOVA T able  fo r 961 RM m ean
DF Sum of Squares Mean Square F-Value P-Value
Group 2 87 2 .2 2 7 436 .113 2.123 .1566
Residual 14 2 8 7 6 .5 0 8 205 .465
Model II estim ate of betw een component variance: 4 0 .844
Means T ab le  fo r 961 RM m ean  
E ffe c t: G roup
Count Mean Std. Dev. Std. Err.
MS 6 64 .000 8 .056 3.289
AR 6 55.917 17.376 7 .094
PR 5 73 .800 16 .142 7 .219
In te ra c tio n  Bar P lo t fo r 961 RM m ean  
E ffe c t:  G roup
Error B ars: 9596 C o n fid en ce  In te rv a l
100
90
80
70
50
Of
“  40
30
20
AR PRMS
Ceil
F ish e r 's  PLSD for 961 RM m ean 
E ffe c t: G roup 
S ign ificance  Level:
Mean Diff.
MS, AR *'
MS, PR 
AR, PR
5 96 
Crit. Diff P-Value
8.083 17.750 .3453
-9 .8 0 0 18.616 .2778
-1 7 .8 8 3 18.616 .0585
R e g re ss io n  S um m ary  
%1RM R vs. A VM R
Count
Num. Missing 
R
R Squared 
Adjusted R Squared 
RMS Residual
18
.090
.008
19 .727
ANOVA T ab le  
%1RM R v s . A VM R
DF Sum of Squares Mean Square F-Value P-Value
Regression 1 5 0 .640 50.640 .130 .7230
Residual 16 6 2 2 6 .3 0 4 389 .144
Total 17 62 7 6 .9 4 4
R e g re s s io n  C o e f f ic ie n ts  
961 RM R v s . A VM R
Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept 66 .358 5 .036 66 .358 13.178 <.0001
A VM R -3 .8 4 6 E -4 .001 -.0 9 0 -.361 .7230
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A VM R
Y * 6 6 .3 5 8  - 3.846E-4 * X; Ra2 = .008
4000 8000
R e g re s s io n  S um m ary  
961 RM L vs. A VM L 
Count
Num. Missing 
R
R Squared 
Adjusted R Squared 
RMS Residual
18
.243
.059
2.391 E-4
16.723
' i ’
ANOVA T ab le
961 RM L v s . A VM L
DF Sum of Squares Mean Square F-Value P-Value
Regression 1 2 80 .812 280 .812 1.004 .3312
Residual 16 4 4 7 4 .7 9 9 279 .675
Total 17 4755.611
R e g re s s io n  C o e f f ic ie n ts  
961 RM L v s . A VM L
Coefficient Std. Error Std. Coeff. t-Value P-Value
Intercept 62 .885 4 .029 62 .885 1 5 .607 <.0001
A VM L -.001 .001 -.2 4 3 -1 .0 0 2 .3312
R e g re s s io n  P lo t
i
A VM L
Y = 62 .885  - .001 * X; R^2 = .059
1
100  -
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80 -
70 -
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50 - GD
40 “
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20  i — ^ 
-1 2 0 0 0 -8 0 0 0 -4 0 0 0 0 4000 8000
Type III Sums of Squares
Source df Sum of Squares Mean Square F-Value P-Value
Group 2 1257 .69444 628 .84722 3.08603 .0754
Residual 15 3056 .58333 203 .77222
Dependent: 961 RM mean
M eans T ab le  
E ffe c t: G roup 
D ep en d en t: 961 RM m ean
Count Mean Std. Dev. Std. Error
Massage 6 64 .00000 8 .05605 3 .28887
Active Recovery 6 55 .91667 17 .37647 7.09391
Passive Recovery 6 76 .25000 15 .63570 6 .38325
